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The value of limb leads in the localization of early cardiac infarction is known, and there 
is general agreement that the T I type of electrocardiogram indicates anterior infarction, and 
the T III type, posterior infarction (Parkinson and Bedford, 1928; Wilson, Hill, and Johnston, 
1934, 1935, & 1938). The recognition of the lesion at a later stage, however, has sometimes 
proved difficult although changes in the chest lead IVR sometimes confirm the presence of an 
anterior infarct when the limb leads are doubtful. No such help is yet available in posterior 
infarction, and the frequency with which T III is inverted in healthy subjects complicates the 
problem in diagnosis if the history and clinical findings are equivocal. We have, therefore, 
sought a chest lead that would implement the limb lead cardiogram in the diagnosis of posterior 
cardiac infarction. During our investigation, Nyboer (1941) published his paper describing 
an abnormal csophageal cardiogram in cases of healed posterior infarction. Using the 
polarity now customary for chest leads, he found that with the csophageal electrode at the 
level of the ventricle the T wave was often inverted. We confirmed this observation in several 
patients, but the discomfort caused by the test obviously detracts from its routine use. After 
testing several new chest leads we obtained the best results from one in which an electrode 
placed in the left posterior axillary line at the level of the inferior angle of the scapula was 
paired with one on the right arm. We suggest that this lead should be known as CR;. This 
terminology is in keeping with the recommendations of the American Heart Association 
(1938) which applied the prefix C to all chest leads, and CR to those paired with the right 
arm; the chest stations were numbered | to 6 from right to left starting in the fourth intercostal 
space immediately beyond the right sternal border and ending in the left mid-axillary line. 
It follows naturally that the chest station in the posterior axillary line should bear the designa- 
tion CR;. An exploring electrode in this region was used by Wood ef al. (1933) in their 
lead VI, but it was paired with one on the left leg and is not comparable with our CR;. 

We recorded the CR; cardiogram in 18 healthy subjects, in 32 patients with posterior 
cardiac infarction, in 12 with anterior infarction, and in 52 with some other form of heart 
disease. The changes observed in these four groups will now be described and compared 
with changes in the limb lead cardiogram, which was always a preliminary test. 


CR; IN HEALTHY SUBJECTS 


There were 18 cases whose clinical history and examination, which included cardioscopy, 
showed that they were healthy. They were chosen for the investigation because T III in their 
limb lead cardiogram was found to be inverted. Often this deformed T III was corrected 
by change of posture or respiration, but such effects do not concern us here. T I was always 
upright. In 13, T II was also upright, but in 4 it was low and in | it was flat. The T wave 
in CR; was invariably upright (Fig. 1). 
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Fic. 1. 


Fic. 3.—Recent posterior cardiac infarction. 
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FiG.. 2. 
Fic. 1.—Healthy subject, aged 22. 
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Fic. 2.—Posterior cardiac infarction of four years’ duration. Male, aged 68. 


low in CR;. R-T segment raised in I. 


greater than in Il. 


TABLE 


Fic. 3. 


T inverted in III and upright in CR,. 


T inverted in II and III, and 


Female, aged 54. T Il and T III inverted. Inversion of T in CR, 


T Wave IN CR; COMPARED WITH T II AND T III IN POSTERIOR CARDIAC INFARCTION 
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State of T wave in limb and chest leads 


Inverted 


Inverted 


Flat 


CR; 


Upright 
Low 


Inverted 
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Inverted 
Low 
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T Il or in T CR, 
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CR; IN CARDIAC INFARCTION 
CR- IN POSTERIOR CARDIAC INFARCTION 

The CR; lead was recorded in 32 cases during different stages of recovery from posterior 

farction, and changes in the T wave were compared with those found in leads II and III 
fable 1). The diagnosis of infarction was made from the clinical history and examination, 
id its localization determined from changes in successive cardiograms; in 2 cases a necropsy 
nfirmed it. The T wave was always inverted in lead III. The findings in lead II were 

pressive, the T wave being inverted in 30 and flat in the remaining 2 cases. The series 

cluded patients examined many years after the initial infarction, but in none was T II 
wright. These findings show that recovery of the T II takes place much more slowly in 
sterior infarction than in anterior. Among the 32 cases, the T in CR; was only normal in 
and that was taken two years after infarction. It was low in 13, flat in 2, and inverted in 

In 21 patients the changes in the T wave were greater in lead II than in CR; (Fig. 2), 

7 they were comparable, while in 4 the changes in CR; were greater than in II (Fig. 3 and 4). 





























































































































Fic. 4. Fic. 5. Fic. 6. 


Fic. 4.—Posterior cardiac infarction, two months after cardiogram shown in Fig. 3. Slight inversion of T in II 
and CR-; now comparable. 


Fic. 5.—Anterior cardiac infarction. Male, aged 39. Inversion of T in CR; less than in I and IVR, but 
greater than in II. 


FiG. 6.—Heart failure from emphysema. Female, aged 49. T inverted in III and slightly inverted in II, but 
upright in CR;. T also inverted in CR, and IVR. (See also Fig. 8.) 


CR; IN ANTERIOR CARDIAC INFARCTION 

The CR; cardiogram was recorded in 12 patients with anterior infarction at various 
intervals after the attack, and the T wave compared with that in leads I, I], and IVR (Table II). 
The T wave was inverted in leads I and IVR in all cases; in lead II it was inverted in 7 and 
upright in 5, while in CR; it was inverted in 9 and upright in 3. In 3 cases where T was upright 
in lead II, it was inverted in CR;, but was only once inverted in lead II when it was upright 
in CR;. The degree of inversion of the T wave in CR; was next compared with that in IVR 
and I. It was never greater in CR; than in IVR and only once was it as great. The inversion 
of T in lead I was comparable with that in CR; in 5, greater than in CR; in 6, and less in 
only 1 case. Thus in anterior cardiac infarction inversion of the T was a commoner finding 
n CR; than in II, but less common and less prominent than in leads IVR and I (Fig. 5). 
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TABLE II 


T WAVE IN CR; COMPARED WITH T IN Leaps I, II, AND IVR, IN ANTERIOR CARDIAC INFARCTION 





State of T wave in limb and chest leads 











Case No. a et amine ss _ ——s 
I Il IVR CR; 
1 Inverted Inverted Inverted Inverted 
4 
bs | = 2 : 
6 ‘ s aS %9 
7 = ‘i ss | Upright 
8 Upright re “3 
9 . 9 mm ee 
10 z i = Inverted 
11 | ” | ” | 
12 oh) ” ” | 





CR; IN OTHER CONDITIONS 


Congenital Heart Disease.—In three cases of pulmonary stenosis and in one with atrial 
septal defect the T wave was inverted in leads II and III, giving to the cardiogram the appear- 
ance of the curve characteristic of posterior cardiac infarction. In each instance the T in CR; 
was upright (Fig. 7 and Table III). Admittedly the clinical diagnosis of congenital heart 
disease was not here in doubt, but in older subjects with cardiographic irregularities from 
congenital heart disease, and especially in those with pain in the chest, the upright T in CR; 
serves to exclude the presence of cardiac infarction. 


TABLE III 


T WAVE IN CR; AND STANDARD LEADS, IN CONGENITAL HEART DISEASE, EMPHYSEMA, AND PERICARDIAL DISEASE 





State of T wave in limb and chest leads 


Case No. Clinical condition = . = st aa 2, 
I Il III CR; 
l | Pulmonary stenosis ets Ga Upright Inverted | Inverted Upright 
s! 
4 Atrial septal defect . ok 
5 Emphysema with heart failure x 
7 Pericardial disease Mi 
8 ee 
9 s 
10 ‘ i mo Pe 
11 Flat a es Flat 
12 ‘ a <6 Inverted 
13 Inverted a a a 





Emphysema with Heart Failure——Iin many patients with emphysema the cardiogra: 
shows no distinctive changes, but when great enlargement of the heart is conjoined wit 
failure, the limb lead tracing may resemble that found in posterior infarction (Fig. 6 and § 
We examined two such patients whose limb lead cardiograms showed inversion of T II and T II! 
in both the T in CR; was upright supplying evidence that the changes were the result of rig! 
heart failure and not posterior infarction. Incidentally, the same help in diagnosis was als 
given in our two patients by CR;, which showed inversion of the T wave. 
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Fic. 7. Fic. 8. Fic. 9. 


Congenital pulmonary stenosis. Female, aged 28. T inverted in II and III, but upright in CR,;. 
T also inverted in CR, and IVR. 
Fic. 8.—Heart failure from emphysema. Male, aged 39. T inverted in II and III, but upright in CR,;. 
T also inverted in CR,. 


Fic. 9.—Pericardial disease. Male, aged 32. T inverted in II and III, low in I, and diphasic in CR,;. 


Pericardial Disease—The CR; cardiogram was recorded in 7 patients with pericardial 
sease in whom TII and T III were inverted (Table III); in 3 of these T 1 was upright when 
e T in CR; was also upright; in 3 the T I was low or flat, when the T in CR; was flat in 
vo (Fig. 9) and inverted in the other; in one patient T I was inverted and so was the T in CR;. 

These changes appear to establish that when T II and T III inversion stands for pericardial 
disease, the T in CR; is upright when T I is upright, and inverted when T I is inverted. 

Hypertension —Among 12 cases of hypertension, T I was flat in 2 and inverted in 10. The 
T in CR; was inverted in every case. Changes in the T in other leads were varied, so that in 
lead II it was upright in 5, low in 2, and inverted in 5; in lead III it was upright in 9 and 
inverted in 3; in IVR it was upright in 7 and inverted in 5. When the degree of T wave 
inversion was specially considered in the different leads, in 6 cases it was greatest in CR, 
and I, in 4 cases in CR;, and in 2 in IVR when the T in CR; showed the next most prominent 
inversion (Table IV). 

It is known that the chest lead IVR cannot decide whether changes in the limb lead cardio- 
gram stand for anterior cardiac infarction in a patient with prolonged hypertension. In these 
cases the T in IVR is sometimes inverted and sometimes upright, and on clinical grounds 
this change does not appear to depend on the presence or absence of cardiac infarction in 
addition to hypertension. The chest lead CR; does, however, help in the differential diagnosis 
of anterior infarction and such infarction conjoined with hypertension. Thus in a patient 
with hypertension when T is inverted in lead I and upright in IVR, the abnormal cardiogram 
is usually the direct result of the hypertension (Fig. 10). When the T in IVR is inverted, the 
degree of inversion in CR; should be examined; if the inversion is greater in IVR than in 
CR; (Fig. 11), the change is usually due to supervening cardiac infarction, but if the inversion 
is greater in CR; than in IVR, the change is likely to be the result of hypertension alone 
(Fig. 12). 

Aortic Stenosis and Aortic Incompetence.—The changes in aortic stenosis (5 cases) and in 
aortic incompetence (3 cases) were comparable with those in prolonged hypertension. T in 
CR; was always inverted (Fig. 13), but in other leads it was variable; in lead I it was inverted 
in 6 and upright in 2; in lead II it was inverted in 5 and upright in 3; in lead III it was upright 
in 2, flat in 3, and inverted in 3; in IVR it was upright in 2 and inverted in 5, and it was not 
recorded in another case. When the degree of T wave inversion was compared in the different 
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Fic. 10. Fic. 11. Fic. 12. 
Fic. 10.—Hypertension. Male, aged 40. T upright in IVR. Inversion of T greater in CR; than in | and II. 


Fic. 11.—Hypertension and cardiac infarction. Male, aged 62. T inverted in I and slightly inverted in II. 
Inversion of T in IVR greater than in CR,;. 


Fic. 12.—Hypertension. Male, aged 70. Inversion of T in CR; greater than in IVR, and comparable with 
that in I. 


leads it was found that 5 out of the 8 cases showed the greatest change in CR; and this findin 
is almost the same as in hypertension (Table IV). 


¢ 
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TABLE IV 


T WAVE IN CR; COMPARED WITH T IN STANDARD LEADS IN HYPERTENSION AND AorTIC DISEAS# 





State of T wave in limb and chest leads Leads showi 
Case Clinical condition = Pn ern greatest 
No. inversion 
I II Ill IVR CR; 

l Hypertension .. hs Flat Inverted Inverted Inverted inverted IVR 

z “ ~ | ce os Upright ” CR; 

3 Inverted | Upright Upright ee = + 

4 . "i a Inverted a = 

5 Inverted a Upright is CR: & I 

6 ms Inverted es mn 

7 Low | Upright ve a ‘e 

8 = a Inverted % IVR 

9 Inverted ba Upright _ CR: & 1 

10 Upright Pe Inverted ‘a 

11 ‘i ” 6 i zt * ae “ CR- 

12 = a na - a ‘i Upright a CR: & I 

13 | Aortic stenosis as i Inverted Flat Inverted Me II 

14 a ee i s 2 Inverted e a CR; 

15 * ie ws Ss a is Upright Inverted se 

16 pe i we .. | Upright x Inverted aS IVR & I 

17 - any ee ie Upright Flat Upright s CR: 

18 | Aortic incompetence .. | Inverted 9 | Upright % ; CR; & IVR 

19 = _ a & Flat Inverted og III 


Inverted | Inverted a be CR; 
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Bundle Branch Block.—\n 5 cases of left bundle branch block the T wave was inverted in 


CR; (Fig. 14), and it was upright in 4 cases of right bundle branch block (Fig. 15). The T wave 
n the other leads (limb and IVR) was sometimes inverted and sometimes upright. 

















































































































Fic. 13. Fic. 14. Fic. 15. 


. 13.—Aortic stenosis. Male, aged 65. T slightly inverted in II. Inversion of T in CR, greater than in 


IVR, and comparable with that in I. 
Fic. 14.—Left bundle branch block. Male, aged 65. T inverted in CR,. 


Fic. 15.—Right bundle branch block. Male, aged 64. T upright in CR;. 


CONCLUSIONS 


A new chest lead, CR;, is described and has been tested in the differential diagnosis of 


cardiac infarction. 


The lead proved to have a limited value in identifying posterior infarction, but it was 


seldom superior to the limb leads. Indeed our experience has emphasized the importance 
of T Il in posterior infarction, for in 30 out of 32 patients it supplied the evidence necessary 


for 


the diagnosis. In contrast, T II in anterior infarction was less reliable, and T in CR; 


was Often its superior, although inferior to T in IVR. 


CR; had greatest value in distinguishing between the T II and T III inversion of posterior 


infarction and similar changes found in heart failure from emphysema, in pericardial disease, 
in congenital heart disease, and occasionally in healthy subjects. This new chest lead also helped 


in 


the diagnosis of hypertension and aortic valvular disease when complicated by anterior 


cardiac infarction. 


We wish to thank Dr. John Parkinson, Physician to the Cardiac Department, for his helpful criticism of 


this paper. 
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The action of potassium on the normal T wave of the electrocardiogram has been estab- 
lished in several species. Wiggers (1930) showed that there was a rise in the normal upright 
T wave after injection of potassium salts into dogs. Similar results have been found in man 
after large doses of potassium salts by mouth and intravenously (Thompson, 1939, a & b ; 
and Keith, Osterberg, & Burchell, 1942). The possibility that changes produced by raising 
the serum potassium might throw some light on low voltage electrocardiograms led to the 
investigation of cases of thyroid deficiency (Sharpey-Schafer, 1943). In cases showing T wave 
inversion in all standard leads, it was found that potassium caused the T waves to become 
upright. It became necessary, therefore, to investigate the effect of potassium on other forms 
of T inversion. This paper reports the results obtained in cases with myocardial infarction 
and cases with preponderance of the left or right ventricle. 


Methods.—15 to 20 g. of an equal mixture of potassium chloride and potassium citrate 
dissolved in about 250 c.c. of water were given by mouth or by stomach tube. Cardiograms 
were taken before, one to one and a half, and two to two and a half hours after. Chest leads 
used were IV R, LP-R, RP-R (Wood and Selzer, 1939). Blood samples were taken at the 
same time as the cardiograms, and serum potassium was estimated by a modification of the 
method of Kramer and Tisdall (1921). A few subjects showed little or no change in the serum 
potassium and cardiogram after these doses of salt, and there was considerable individual 
variation in response, as has been noted by Keith, Osterberg, and Burchell (1942). Successful 
observations were made in the following: 4 cases with T III pattern myocardial infarction, 
4 with TI pattern myocardial infarction, 9 with T inversion due to left ventricular preponder- 
ance, and 4 with T inversion due to right ventricular preponderance. 


RESULTS 

Throughout each group the results were the same. 

T III pattern myocardial infarction —T If became more inverted and T I more upright 
(Fig. 1). The three chest leads, as expected, became more upright. 

TI pattern myocardial infarction —T 1 became more inverted and TIII more upright (Fig. 
3). TIV followed TI, and S-T elevation was often accentuated. The original pattern of 
each case was not, however, changed. 

Left ventricular preponderance with T I and T IV inverted.—In comparison with TI pattern 
cardiograms the effect of potassium was exactly opposite, TI and TIV becoming upright 
(Fig. 4). 

Left ventricular preponderance, concordant type.—In this type of case, usually aortic 
stenosis or hypertensive heart disease, T waves are apparently inverted in all standard leads, 
and QRS may show no axis shift. The effect of potassium is to throw all T waves sharply 
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A Fic. 1. B A FiG.. 2. B 
Fic. 1.—T III pattern myocardial infarction before and after potassium. 
(A) Before oi me .. Serum potassium, 15 mg. per 100 c.c. 
(B) 23 hours after Le .. Serum potassium, 23 mg. per 100 c.c. 
FiG. 2.—Concordant type left ventricular preponderance. Aortic stenosis. 
(A) Before ae i .. Serum potassium, 23 mg. per 100 c.c. 
(B) 13 hours after if .. Serum potassium, 36 mg. per 100 c.c. 


upright, while the upward-curved S—-T depression remains or may even be accentuated 
(Fig. 2). 

Right ventricular preponderance.—Three cases of chronic cor pulmonale, due to emphysema, 
were investigated. Results were similar to those found in left preponderance. T inversion, 
best seen in the chest leads, became upright after potassium (Fig. 5). A similar striking 
result was seen in a case of acute cor pulmonale due to a packed pulmonary embolism (to 
be published elsewhere). 

Other effects of potassium.—Flattening of the P waves and widening of QRS occurred 
when the rise of serum potassium was great. Similar changes with the same degree of serum 
potassium rise have been reported in dogs by Hoff, Smith, and Winkler (1941). No patient 
with myocardial infarction complained of chest pain after potassium, and no patient showed 
rhythm changes. 


DISCUSSION 

The results of this investigation indicate that raising the serum potassium may prove a 
valuable method in the practical analysis of the electrocardiogram. Curves are often seen 
that are difficult to interpret without serial observation over long periods, while giving 
potassium salts by mouth offers the possibility of interpretation within a few hours. The 
safety of the procedure needs some discussion. Hoff, Smith, and Winkler (1941) have shown 
that death may result in dogs when the serum potassium is trebled, and from levels observed 
in cases of uremia similar results might be expected in man. In our series the greatest rise 
of serum potassium was from 21 mg. to 38 mg. per 100 c.c. of serum. Several of the subjects 
with hypertensive heart disease had impairment of renal function, while several others had 
congestive heart failure. It might be wise, however, to exercise caution in patients suspected 
of having myocardial infarction, since Katz and Linder (1938) have shown that potassium 
diminishes coronary flow. 10 g. or less of potassium salts might be given to such patients as 
4 preliminary trial to determine individual response. Both Thompson (1939b) and Keith, 
Osterberg, and Burchell (1942) thought that cardiographic changes did not follow strictly 








82 E. P. SHARPEY-SCHAFER 







































































A Fic. 3. B 
Fic. 3.—TI pattern myocardial infarction before and after potassium. 
(A) Before my ste .. Serum potassium, 20 mg. per 100 c.c. 
(B) | hour after on .. Serum potassium, 27 mg. per 100 c.c. 


the rise in serum potassium. Consideration of their published figures and our own data 
suggest that the evidence is not sufficient to warrant an opinion. In general, the opinion o! 
Hoff, Smith, and Winkler, that the cardiogram follows the serum potassium, seems correct 
The theoretical aspect presents great difficulties. Fenn (1940), reviewing the physiologica 
role of potassium, has stressed our ignorance of electrolyte exchange. Joseph, Cohn, an 
Greenberg (1939), using radioactive potassium, showed that most of the ingested potassiun 
was taken up by the liver, and that the rise in extracellular fluids preceded by some hours thc 
rise in cells. It is possible that cardiographic changes produced by these doses of potassiun 
salts result solely from electrolyte changes in the extracellular fluids or in the general ** con 
ducting medium ” to the periphery of which leads are attached. Yet potassium presumabl 
affects the heart itself, as numerous workers since Blake (1839) have shown that standstil 
and death result from excess. Careful inspection of our results reveals no evidence tha 
potassium produces specific changes in the normal or abnormal cardiogram, as, for example 
does digitalis. The effect, so far as S-T interval and T wave are concerned, appears to be a! 
accentuation of deflections that are already present. Thus S—T deviation rather than deepen 
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A B A B 
Fic. 4. Fic. 5. 
Fic. 4.—Left ventricular preponderance. Hypertensive heart disease. 
(A) Before Ae ne .. Serum potassium, 19 mg. per 100 c.c. 
(B) 1 hour after Sa .. Serum potassium, 26 mg. per 100 c.c. 
Fic. 5.—Right ventricular preponderance. Chronic cor pulmonale from emphysema. 
(A) Before si a .. Serum potassium, 20 mg. per 100 c.c. 
(B) 2} hours after e- .. Serum potassium, 23 mg. per 100 c.c. 


ing of the T wave would be expected in cases of myocardial infarction, were potassium to 
cause further acute ischemia of the myocardium. The theory of the normal and abnormal 
deflection of retreat in the human cardiogram is still obscure. Interpretation is therefore 
necessarily empirical. The effect of potassium on simple systems consisting of muscle strips 
in a conducting medium, such as those described by Craib (1930) has not apparently been 
studied. However, the results obtained on “ T inversion” in preponderance of a ventricle 
are of some theoretical interest. Most workers would agree that this inversion is a funda- 
mentally different mechanism from that seen in disease of the coronary artery. The appearance 
of an upright T wave after potassium suggests that inversion in preponderance of a ventricle 
may be an S-T rather than a T wave change and that in Fig. 2, lead II, the point * b ~ rather 
than “a” is the apex of the T wave. In some curves this is substantiated by Q-T measure- 
| ments, but, in view of QRS widening and other factors after potassium, considerably more 
evidence is required before such measurements can be analysed. 














E. P. SHARPEY-SCHAFER 
SUMMARY 
T wave inversion due to myocardial infarction is further inverted by raising the serum 
potassium, while T wave inversion due to preponderance of a ventricle becomes upright 
after potassium. 
The method is useful in analysis of difficult electrocardiograms. It is suggested that 
T inversion in ventricular preponderance is an S-T change, not a T wave change. 


Serum potassium was estimated in the School laboratories (Director, Dr. E. J. King). My thanks are 
due to the Chief Medical Officer, L.C.C., for permission to publish the clinical material. 
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As there is no method for detecting and measuring circulating thyroid hormone, indirect 
investigations have to be used for the accurate diagnosis of thyroid deficiency. It is difficult 
to obtain evidence that thyroid deficiency in man is complete. In addition to the ordinary 
metabolic and biochemical findings, the response to injected pituitary thyrotrophic hormone 
must be negative (Sharpey-Schafer and Schrire, 1939), histological changes are present in the 
pituitary gland, and there is possibly an excess of thyrotrophic principle in the circulating 
blood (Collard, Mills, Rundle, and Sharpey-Schafer, 1940). Clinical observations may be 
quite indecisive. The cardiogram, however, affords a valuable measure. Elsewhere, evidence 
will be given that when thyroid deficiency is complete, reversible cardiographic changes are 
always present. The changes show a constant picture: in addition to a general low voltage, 
the T waves are flat or in a few cases inverted. It can usually be proved that thyroid deficiency 
is not complete in cases that do not show a typical cardiogram, though the presence of a 
classical one does not necessarily imply that the patient is strictly comparable to a thyroidecto- 
mised animal. The action of thyroid hormone on such cardiograms is well known. Provided 
a sufficient dosage is given, the appearances return to those which are normal for the individual. 
Of special interest are those rarer cases with T wave inversion. Thyroid causes such T waves 
to become upright, yet their presence is sometimes mistaken for conditions such as coronary 
arterial disease. Any other method of altering the cardiogram of thyroid deficiency might 
throw some light on its mechanism and prove of value in the differential diagnosis of low 
voltage curves generally. This paper reports the effect on such cardiograms of raising the 
serum potassium. 


MATERIAL 


The procedure is reported elsewhere (Sharpey-Schafer, 1943). Many patients showed a 
later rise of serum potassium than others without thyroid deficiency, possibly due to a slower 
rate of absorption from the intestine. The evidence for thyroid deficiency in 12 patients is 
given in the Table. Signs and symptoms are those given in the Report on Myx@dema, 1888, a 
description that has not been bettered. The measurement of response to thyrotrophic hormone 
has been previously published (Sharpey-Schafer and Schrire, 1939). Many cases received 
very large doses of pituitary extract. A biopsy of the thyroid is available in Case 1, and post- 
mortem material in the untreated state in Case 7. There was clear clinical and other evidence 
in Case 4 that thyroid deficiency was not complete; the cardiographic changes were, however, 
similar to those found in cases of proved complete deficiency. The patient with Addisonian 
anemia (see Fig. 3) on the occasion of the observation had 1,100,000 red cells per c.mm. 
and 24 per cent hemoglobin. The venous pressure was raised, and pitting edema was present. 
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Size of T waves in electrocardiogram (millivolts) 











Symp- Chole- | Response eae ee = After treatment 
Case| Age | toms B.M.R. sterol | to thyro- Untreated After potassium with thyroid 
, Sex and per cent mg. per’ trophic 
signs 100 c.c. hormone 
“ies Flat or ae Flat or se Flat o1 
Upright Inverted Upright Inverted Upright Inverte 
l F. 20 26 150-315 0 1 0-05 10-10 10-13 
II 0-00 11 0-10 Il 0-23 
Ill 0-00 1110-00 | IIL 0-05 
2 F. 70 34 254-353 0 1 0-00 1 0-05 10-12 
Il 0-05 Il 0-04 Il 0-20 
111 0-10 1110-00 | IIL 0-10 
3 F. 40 26 150-290 0 10-10 10-10 1 0-20 
11 0-12 Il 0-13 Il 0-20 
Il] 0-05 III 0-00 III 0-00 
4 | F. 49 31 to —37 | 335-400) sl.-+ 1 0-05 10-10 10-15 
11 0-10 Il 0-05 Il 0-40 
111 0-15 1110-05 | 111 0-25 
a F. 10 27 415 0 1 0-03 1 0-08 10-15 
Il 0-07 Il 0-20 II 0-22 
Ill 0-02 III 0-10 111 0-10 
6 | F. 48 36 to — 46 180 0 t 0-00 1 0-02 10-13 
II 0-00 110-10) Il 0-20 
1110-00 | IIL 0-05 111 0-10 
7 F. 63 41 270-290 0 1 0-00 10-10 10-10 
11 0-10 Il 0-20 Il 0-20 
111 0-10} 111 0-13 Il] 0-13 
8 F. 58 32 ZiT 0 1 0-02 1 0-20 1 0:30 
Il 0-00 11 0-15 Il 0-30 
Ill 0-05 II] 0-05 III 0-00 
9 | F. 59 15 184 0 1 0-05 1 0-00 10-15 
Il 0-00 11 0-10 11 0-15 
Ill 0-05 111 0-13 III 0-00 
ts 
10 | F. 66 34 296 0 1 0-00 10-10 
Il 0-00 11 0-20 
111 0-00 | IIL 0-05 
11 F. 66 32 270 0 1 0-00 1 0-04 
II 0-00 1i 0-10 
1110-00 | III 0-05 
12 F. 41 32 270-310 0 1 0-00 1 0-02 10-10 
1i 0-00 Il 0-07 Il 0-15 
1110-00 | III 0-05 II 0-05 
RESULTS 


The results are shown in the Table. T wave voltage after treatment with thyroid is given 
in the last column. All cases showed the same change to a greater or lesser degree. Those 
with flat T waves showed a rise of the T wave after potassium (Fig. 1). If the T waves were 
inverted, they also became upright (Fig. 2). The case with Addison’s anemia (Fig. 3) showed 


a different change. The control cardiogram cannot be distinguished from one due to thyroid 
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A Fic. |. B A Fic. 2 B 
Fic. 1.—Case 1. Myxe@dema. Cardiograms before and after treatment with potassium. 
(A) Before .. Ae .. Serum potassium 20 mg. per 100 c.c. 
(B) 13 hours after .. Serum potassium 25 mg. per 100 c.c. 


Fic. 2.—Case 3. Myxedema. Cardiograms before and after treatment with potassium. 


(A) Before .. ee .. Serum potassium -20 mg. per 100 c.c. 
(B) 245 hours after .. Serum potassium — 34 mg. per 100 c.c. 







































































A Fic. 3. B 
Fic. 3.—Addison’s Anemia. Cardiograms before and after treatment with potassium. 
(A) Before 5 .. Serum potassium=22 mg. per 100 c.c. 
(B) 23 hours after .. Serum potassium 28 mg. per 100 c.c. 


deficiency, especially since the heart rate is relatively slow. After potassium S—T depression 
is accentuated without much change in the T wave. 


DISCUSSION 
The results indicate that the effect of potassium on the T wave of thyroid deficiency is 
similar to the effect of thyroid hormone. The time taken for action is, however, very different 
for the two substances. While potassium produces changes in a few hours, thyroid takes 
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days. It is not suggested that there is any direct connection between these two effects. The 
serum potassium in cases of thyroid deficiency lies within normal limits, and, although the 
voltage of the normal T wave may be lowered by lowering serum potassium (unpublished 
data), there is no evidence that cardiographic appearances in hypothyroidism are due t 
electrolyte changes. It is possible that potassium merely accentuates deflections that are 
already present, so far as S—T interval and the T wave are concerned (Sharpey-Schafer, 1943) 
If this is so, the results described here suggest that no fundamental change in pattern is involvec 
in the production of the cardiogram of thyroid deficiency. Since the first report by Zondeh 
(1918) numerous authors have written on the cardiographic findings in myxedema. Ohle 
and Abramson (1934), reviewing such papers and reporting on 35 cases, discussed the followin; 
possible causes: (1) sclerosis of the coronary arteries, (2) anemia, (3) cardiac dilatation anc 
sluggishness, (4) vagal stimulation, (5) cutaneous resistance, and (6) pericardial effusion. They 
showed that there was good evidence against causes (2), (3), (4), & (5), and, since potassiun 
further inverts the T wave of myocardial infarction, our findings support Ohler and Abramsor 
in dismissing cause (1). Indeed, T inversion in hypothyroidism responds to potassium it 
the same manner as T inversion in preponderance of a ventricle. We have post-mortem 
evidence in untreated cases that the classical cardiogram can occur in the absence of peri- 
cardial effusion. The effect of potassium on the cardiogram of pericarditis has not yet bee: 
investigated. 


SUMMARY 


The flat T wave of thyroid deficiency became upright after potassium. Inverted T waves 
also became upright, a response which is similar to that in preponderance of a ventricle and 
unlike that of myocardial infarction. A case of Addison’s anemia showed accentuation of 
the S-T depression. ' 


Biochemical estimations were made in the School laboratories (Director, Dr. E. J. King). My thanks are 
due to Dr. Alison Macbeth, of Organon Ltd., for generous supplies of thyrotrophic extract, and to the Chief 
Medical Officer, L.C.C., for permission to publish the clinical material. 
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It has long been recognized that myxcedematous patients beyond middle life may suffer 
‘om arteriosclerosis, hypertension, or coronary disease in addition. Until recent years it 
eems to have been accepted that anginal pain in a myxcedematous patient was evidence of 
ome such complication. Inasmuch as non-myxcedematous angina pectoris is sometimes 
reatly relieved by the development of spontaneous or post-operative myxcedema, it has 
een generally concluded that treatment of a myxcedema with thyroid is likely to aggravate 
ny co-existing anginal pain. Since 1924, however, isolated reports have appeared describing 
1yxoedematous patients whose anginal pain improved on treatment with thyroid. Fournier 
1942) found six cases recorded, and he appears to have overlooked three—one by Campbell 
nd Suzman (1934) and two by Zondek (1941). The time would therefore seem to be ripe for 
i review of the whole subject of anginal pain in myxcedema. 

Zondek (1918), in his original description of the ‘* myxcedema heart ’’ mentions slight 
orecordialgia as one of the less frequent symptoms. Laubry er al. (1924) record a patient, 
uged 47, who had “ for three years suffered from anginal crises daily or several times a day, 
brought on by the slightest effort’; there was typical myxcedema but no evidence of inde- 
pendent heart disease. Treatment with thyroid caused rapid disappearance of the anginal 
crises pari passu with reduction in the size of the heart. The patient was observed for ten years 
(Fournier, 1942) during which he suffered from anginal pain only when treatment with thyroid 
was discontinued. 

A slightly different syndrome is illustrated by one of Campbell and Suzman’s (1934) 
cases. They discuss the cardiovascular findings in eight cases of myxcedema, of whom two 
(Cases 7 and 8) had precordial pain; both had anomalous cardiograms, and both were 
thought to have independent heart disease. Case 7 had typical angina of effort which seems 
to have been aggravated when thyroid was given. Case 8 complained of ‘* continuous pre- 
cordial aching made worse by exertion”; this pain disappeared completely as the heart 
became reduced in size under the influence of thyroid. The drug was later withdrawn without 
the patient’s knowledge; the pain returned after an interval, and its reappearance coincided 
with the recurrence of cardiac enlargement. 

Beach (1935) describes a woman with myxcedema, who suffered, first from a feeling of 
oppression in the chest, and later from attacks of severe pain; they were induced by exposure 
to cold and relieved by amyl nitrite; she had T I inversion in her cardiogram and was thought 
to have independent heart disease. The attacks occurred with increasing frequency until she 
was having as many as eight daily, and she refused to allow her arms or chest to be uncovered 
for examination. Within a week of commencing thyroid therapy the attacks ceased. She 
was under treatment for several years during which attacks occurred only when her basal 
metabolic rate fell below —20 per cent. 

The cases of Beaumont and Robertson (1939) and of Zondek (1941) illustrate yet another 
syndrome, which has been designated by Zondek “ the abortive myxcedema heart.” These 
patients had no obvious clinical signs of myxcedema, but they had a low basal metabolic rate 
and a raised blood cholesterol. They complained of continuous precordial or sternal tightness 
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and distress; in addition, they had more or less frequent attacks of collapse with pallor, co! 
sweating, and a feeling of oppression in the chest. The cardiovascular findings were cor - 
sistent with a myxcedema heart—enlargement of varying degree, a tendency to bradycard 
and low blood pressure, and a small pulse. The cardiogram was normal in some case 
typical of myxcedema in others; TI was occasionally inverted. Nevertheless independe: 
heart disease was thought to be absent in all. Thyroid in doses between 0-5 and 0-7 gra 
weekly relieved all the symptoms, while no other form of treatment seemed to be of muc 
avail. Additional cases of anginal pain relieved by thyroid are recorded by Ziskin (193( ) 
and Benestad (1937), but it has not been possible to obtain access to their publications. 

Fournier (1942) divides cases of myxeedema with angina into two groups. When ind - 
pendent heart disease is present, he states that thyroid will aggravate pre-existing pain, «© 
may induce pain in patients previously free from it; but several of the cases quoted above 
show that this statement is not true of all cases. In the absence of independent heart diseas. . 
he considers the anginal pain is amenable to thyroid therapy. He goes on to discuss the 
etiology of the pain in this group; as five of the six cases reviewed were over 40, early coronar 
disease was difficult to exclude, and he believes that the angina was a response to a mixed 
pathogenesis. He suggests that these patients had minor coronary lesions, insufficient to 
produce angina in themselves but capable of doing so in the presence of superadded “* myxe- 
dematous lesions.” These might take the form of mucinous infiltration of the nervous or 
vascular elements of the heart, of vagotonia, of hypoglycemia, or of anemia. Thyroid 
therapy, by abolishing the myxcedematous lesions, restores the ‘** status quo” and relieves the 
anginal pain. In support of this theory he states that some adults with myxeedema show 
inversion of TI, or of TI and T II; while this may often be corrected by thyroid therapy, 
it invariably recurs after an interval despite continued treatment. The initial inversion is 
attributed to a combination of minimal coronary lesions with myxcedematous lesions, the 
temporary improvement to removal of the myxcedematous lesions, and the ultimate recurrence 
to progress of the coronary lesions. 

There is much that is attractive in Fournier’s ideas, and a close analogy exists in the case 
of patients with early coronary disease complicated by anemia, in whom cure of the anemia 
(whether by liver or by iron) may abolish anginal pain for a time. It is clear that, if this view 
is justified, any fundamental pathological difference between his two groups of cases dis- 
appears; the distinction becomes a matter of degree. The possibility is immediately opened 
that patients with somewhat more advanced coronary disease might also on occasion derive 
benefit from treatment with thyroid, as seems to have occurred in the cases of Campbell and 
Suzman, and of Beach. The problem as to why one patient should be relieved by thyroid 
while the next is made worse remains unsolved. One explanation seems to have been over- 
looked. Thyroid, by increasing the circulation rate throws a greater load on the heart, an 
this will tend to aggravate anginal pain; on the other hand an increase in the general circu! 
tion rate will lead to an increased coronary circulation rate unless the vessels are complete! 
occluded, an effect which will tend to relieve anginal pain. The effect in any given patie: 
will thus depend on which of the foregoing factors predominates; and it may well be th: 
each patient has an ** optimum ™ basal metabolic rate and circulation rate at which his angin 
pain is minimal. 

It may be noted that at least two distinct varieties of pain are represented among the cas 
quoted. The first is a typical angina of effort, the second a constant pain or ache made wors 
by effort; the latter type may or may not be accompanied by attacks of collapse. It is in 
portant to determine whether any other clinical variety of pain is encountered in myxced: 
matous patients, and if so, how these patients react to thyroid. In assessing the effect « 
thyroid, various possibilities must be taken into account. Thus development of pain durin 
thyroid therapy might be due to the action of the drug on the circulation or to a pure! 
coincidental coronary occlusion; disappearance of pain might be due to spontaneou 
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improvement after a coronary occlusion. The blood picture requires consideration inasmuch 
as cure of an anemia can ipso facto cause disappearance of effort angina in cases of early 
coronary disease. Finally the possibility of psychogenic pain cannot be ignored. 

The case histories of some sixty myxcedematous patients have been studied. Some of 
hem have been hospital out-patients, some have been seen in private practice, and some have 
xeen hospital in-patients under the care of Dr. Angus Scott. I am much indebted to him for 
yermission to make use of the records. 





ANGINA OF EFFORT IN MYXCEDEMA 

Twelve myxcedematous patients experienced typical angina of effort at some period. Of 
1e twelve, ten had some form of independent heart disease—hypertensive in five, coronary 
1 four, and an intermittent partial block of uncertain etiology in one. In two cases the 
ndings were consistent with an uncomplicated myxcedema heart. An additional patient 
ho presented a curious mixture of thyrotoxic and myxeedematous symptoms also had an 
fort angina. 

Five patients had hypertensive heart disease complicating myxcedema. One of them had 
iabetes as well; as she required insulin, thyroid was thought to be contra-indicated. One 
atient failed to report back and cannot be traced. The remaining three (Cases 1, 2, and 3) 
rst complained of anginal pain while on treatment with thyroid. Case | had an uncom- 
licated myxcedema heart when she was first put on thyroid, but two years later she developed 

mild hypertension with a slight anemia; she still had no effort angina. She developed 
fort angina five weeks after her dose of thyroid was increased from 2 to 3 grains daily; the 
pain became much less severe and less frequent immediately the dose was reduced again to 

grains daily. In Cases 2 and 3, angina of effort developed independently of any change in 
ihe dose of thyroid; Case 2 had been on treatment for three years, Case 3 for three months. 
in both the pain improved (in Case 3 it disappeared) although treatment with thyroid was 
continued; and in both there was some other feature to suggest a coronary occulsion—a 
diphasic T IV in the cardiogram of Case 2, and a temporary fall in blood pressure while 
effort angina was present in Case 3. 

Four patients were considered to have coronary disease complicating myxedema; all had 
inversion or partial inversion of T I in the cardiogram. In one | was afraid to order thyroid; 
another has not been traced. Case 4 had mild hypertension with slight hypertrophy of the 
left ventricle and calcification of the aorta, as well as T L inversion. She has been on treatment 
since February 1939; her effort angina is for all practical purposes abolished when she is on a 
dosage of 3 grains of thyroid daily, but it returns soon after she attempts to discontinue 
treatment. There has been no demonstrable change in her heart radiologically or cardio- 
graphically, and her hemoglobin percentage is unaltered at 84 per cent; her blood pressure 
now is 155/105 as compared with 190/90 in February 1939. Unless the disappearance of the 
effort angina is attributed to psychological factors, which seems unlikely, it is reasonable to 
conclude that it is due to an improvement in the coronary circulation accompanying an 
increase in the general circulation rate. With her present dosage of thyroid (3 grains daily), 
her basal metabolic rate is still —32 per cent; despite this, she is mentally bright and able 
for much of her housework. Case 5 had suffered from effort angina before thyroid therapy 
was commenced, and she had inversion of T | and T Il in the cardiogram. After a preliminary 
spell of rest and iron therapy, treatment with elityran was commenced while she was still 
confined to bed; the drug had to be discontinued after three days owing to complaint of 
‘severe bursting pains in the arms.” During the following fortnight changes developed in 
the cardiogram suggesting that the attack of pain was due to a coronary occlusion. Subse- 
quent resumption of treatment with thyroid had no apparent effect on her angina of effort 
despite a rise in blood pressure from 145/95 to 170/100; in this respect she resembles Cases 
2 and 3. 
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One patient had myxcedema with an intermittent partial block of uncertain etiolog 
(Case 6). Apart from the intermittent block, the cardiovascular findings were consisten 
with a myxcedema heart. Block appeared on two occasions, first a week after thyroid treat 
ment was commenced, the second time when she was having no thyroid two years later. Fc 
a period of two years she attended irregularly, for three or four weeks at a time at interval 
of four to six months; during each spell of attendance she received 2 grains of thyroid dail 
and her anginal pain improved. She ceased attending in 1937, subsequently visiting man 
doctors and receiving various forms of treatment other than thyroid; she continued to suffe 
from effort angina until 1940 when there seems to have been spontaneous improvement i 
her myxcedema. She has had no anginal pain since, there are no obvious clinical signs « 
myxcedema now, and her basal metabolic rate is +5 per cent. 

Two patients had uncomplicated myxedema heart with angina of effort. The first, a ma 
of 56 whose chief complaint was angina of effort, only returned once, ten days after startin 
treatment; he said he was “ much improved.” Case 7 originally had the features of Zondek’ 
** abortive myxcedema heart ’’; thyroid treatment was advised, but she escaped it by changin 
her doctor. She has so far had no thyroid, and in the 3 years that have elapsed the characte 
of her pain has altered; it is now a typical angina of effort. There has been an insignifican 
rise in blood pressure (from 142/85 to 150/95); and she has a mild hypochromic anemia 
(hemoglobin 78 per cent, erythrocytes 5-4 million). It is questionable whether the inverted 
U waves which have developed should be regarded as indicating coronary disease, thus 
explaining the change in the character of her pain; alternatively the anemia may provide 
the explanation. 

One patient with a mild myxedema developed a spontaneous thyrotoxicosis at the meno 
pause (Case 8) and she now has a curious mixture of thyrotoxic and myxcedematous symptoms. 
The onset of the thyrotoxicosis was accompanied by,development of an effort angina which 
was still present when she was examined a year later. 


DISCUSSION 

To sum up, angina of effort appeared in one myxcedematous patient who developed « 
spontaneous complicating thyrotoxicosis, and in four who had independent heart disease 
during treatment with thyroid. In one of these, the angina developed shortly after an increase 
in the dosage of thyroid and it improved immediately the dose was reduced to its forme 
level though pain did not completely disappear. In the remaining three the angina seems 
have been brought on by a coronary occlusion which was almost certainly coincidental i: 
two cases, though it may have been due to some unexplained action of the drug in one. Ip 
none of these three cases was there any aggravation of the anginal pain on subsequent resump 
tion of thyroid therapy; on the contrary, the pain ultimately disappeared in one patient, 11 
a second it improved, while in the third it was unaltered. Angina of effort was abolished b 
suitable dosage of thyroid in a patient with myxcedema, hypertension, aortic calcification 
and coronary disease; the findings in this case suggested improvement in the coronar: 
circulation secondary to an increase im the general circulation rate as the most likely explana- 
tion of the disappearance of the pain. A patient with a myxedema heart complicated b: 
an intermittent partial block showed improvement during each of several short spells o 
thyroid therapy, and her anginal pain ultimately disappeared when she made an apparent!) 
spontaneous recovery from her myxedema. The effect of thyroid in the two patient 
with uncomplicated myxcedema heart cannot be gauged as one avoided treatment while th« 
other was under observation for too short a period. 

Consideration of the foregoing facts suggests that, even when coronary disease is present 
a suitable dose of thyroid may lead to improvement in the coronary circulation and to dis 
appearance of anginal pain. An increase in dosage may cause a disproportionate increas: 
in the general circulation rate and so aggravate the pain. The presence of hypertensive 
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disease Or coronary disease with angina of effort does not contra-indicate the use of thyroid 
in a myxeedematous patient; but the drug should be given with caution, beginning with a 
small dose, and an attempt should be made to find the ** optimim dosage ”’ for that particular 
patient. I would make an exception to this rule only in cases of recent coronary occlusion, 
where it seems reasonable to withhold thyroid until the stage of convalescence has been 
reached; resumption of thyroid therapy at that stage has not aggravated the pain in any of 
the cases in this series. 

Since writing the foregoing, my attention has been drawn to an article by Phillips and 
Milliken (1939). Discussing thyroidectomy for angina pectoris, they say: * It is not advisable 
o recommend thyroidectomy if the basal metabolic rate is less than —15 per cent. The 
inginal syndrome may be improved by elevating the metabolic rate in some cases with a low 
yasal metabolic rate and low blood pressure. The mechanism is an improvement in the 
oronary circulation.” 


ZONDEK’S ABORTIVE MYXCEDEMA HEART 


Two examples of this syndrome have been encountered. As it is somewhat rare, a more 
letailed description of the cases is given in the Table. Reference has already been made to 
‘ase 7 who escaped thyroid treatment; 3 years later her pain has altered in character, and 
he now has a typical effort angina. In Case 9, the clinical features of myxceedema were 
vanting when she was first seen, and the atypical behaviour of the pain led to a diagnosis of 
ieurosis. Five years later she returned with obvious clinical signs of myxcedema and with 
he same pain. Her pain improved with a dosage of 2 or 3 grains of thyroid daily, and at 
imes she was quite free from it on this dose; but she was unable to tolerate doses of 4 grains 
daily. In this respect she shows an analogy with the cases described in the previous section 
despite the fact that no independent heart disease can be demonstrated; she is aged 58. Her 
attacks of collapse have also been abolished since treatment was instituted five months ago, 
except for one occasion when an attack followed painting of the abdomen with strong iodine 
in preparation for an operation. It is clear that she is sensitive to iodine as well as to thyroid, 
as she had a well-marked iodine rash on the following day. It is possible that this attack was 
allergic or anaphylactic in nature; but its close resemblance to her earlier attacks suggests 
an alternative explanation, namely that absorption of iodine from the skin disturbed her 
somewhat delicate thyroid balance. 


ATTACKS OF SPASMODIC ANGINA IN MyYXCEDEMA 

Two myxcedematous patients described attacks which suggested simple spasmodic angina. 
Case 10 had osteoarthritis of the spine, and had suffered from a more or less constant pain 
in the left side of her back radiating through to the front for many years before she developed 
any myxeedematous symptoms. This pain was unaffected by thyroid treatment. She had 
developed symptoms of myxcedema some nine months before she first attended, and during 
that period she had five attacks of severe sternal pain; each wakened her during the night 
and lasted about 45 minutes. She had a blood pressure of 130/100; the cardiogram showed 
left axial deviation with flat T in all leads, and a diphasic T in some beats of lead I but not in 
all. The remaining findings were consistent with a myxcedema heart. Because she had 
a flat sugar tolerance curve, and because the attacks occurred exclusively through the 
night, the possibility of hypoglycemia was considered. Glucose at bedtime was ordered as 
well as thyroid; unfortunately both were started simultaneously so that it is not possible to 
say which led to disappearance of the attacks. It is now five years since treatment was insti- 
tuted; she has had no further attacks, nor has she developed effort angina. Her basal meta- 
rolic rate, originally —25 per cent, is now +13 per cent on a dosage of 3 grains daily; she 
has well-defined upright T waves in leads I and II (amplitude 4 mv. in lead I with a shallow 
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inverted T III; her blood pressure is 170/95; X-ray shows widening of the root of the aorta 
and slight enlargement of the left ventricle. 

Case 11 had a post-operative myxcedema (basal metabolic rate, —33 per cent) with achlor 
hydria and anemia (hemoglobin 75 per cent, erythrocytes 3-8 million). She had soft hear 
sounds, left axial deviation with low P and T waves in the cardiogram, and a blood pressur 
of 155/90. She complained of attacks of precordial pain which she said were usually inducec 
by a sudden noise such as a cough in the ward or the dropping of a plate. The attacks ceasec 
when, in response to treatment with iron, her hemoglobin rose to 92 per cent. She was the 
treated with thyroid, and there was no recurrence of pain with doses up to 3 grains daily. 

In neither of these cases is there any good evidence of independent heart disease, althoug 
in both the blood pressure reading with left axial deviation in the cardiogram raises the questic 
of a possible incipient hypertension; both had “*myxceedema T waves” in their origin 
cardiogram. In neither case was there any aggravation of the spasmodic angina when thyroid 
was given, nor was an effort angina induced by it. In one, the improvement can be attributed 
to improvement in the blood picture in response to iron. In the other, improvement may 
have been due either to glucose or to thyroid. 

Psychoneurotic Pain Although the pain in Case 9 was originally diagnosed as psycho- 
neurotic, it is clear in retrospect that it was really a symptom of Zondek’s * abortive myx- 
cedema heart”’ syndrome. The spasmodic attacks in Case 11 may have been psychoneurotic 
in view of the conditions by which they were induced, but the rapid response to iron treat- 
ment of her anemia suggested that they were related to the latter. I am not satisfied that | 
have encountered an example of psychoneurotic pain complicating myxcedema, although it 
is a possibility which cannot be excluded. 


SUMMARY 

Several types of anginal pain may occur in myxcedema. 

Angina of effort occurs frequently when there is independent heart disease and occasionally 
with an uncomplicated myxeedema heart. In the presence of independent heart disease, 
angina is sometimes aggravated, sometimes alleviated, and sometimes unaffected by thyroid 
therapy. For many patients there is an optimum dose, up to which improvement resulis 
but beyond which the pain is aggravated; the optimum dose is often sufficient to procure 
great improvement in the patient’s general condition and to permit of a fair amount of activity: 
in favourable cases the angina is abolished on the optimum dosage. When a patient with 
myxcedema and independent heart disease suddenly develops effort angina during thyroid 
treatment and apart from an increase in dosage, the cause is frequently a small corona 
occlusion; caution suggests that the dose should be temporarily reduced or discontinued 
but once the stage of convalescence has been reached resumption of therapy does not aggravat 
the pain, and there seems to be no reason for withholding the benefits of the drug. 

A constant ache or pain, aggravated during effort, and tending to be associated wit 
attacks of collapse, occurs in some cases of mild or sub-clinical myxedema; it is referred to a 
the abortive myxedema heart of Zondek. \t improves with thyroid therapy, but in these cas¢ 
too there may be an optimum dose. If unrecognized and untreated, the patients may develo) 
a typical clinical myxcedema or a typical angina of effort. 

Spasmodic angina occurred in two cases. Both may have had very early hypertension, bu 
neither had any obvious or advanced complicating heart disease. In one, the possibility o 
hypoglycemia was considered; the attacks ceased on treatment with thyroid and a dose o 
glucose at bedtime. In the other, there was a complicating anemia; the attacks ceased whe 
this was treated and before any thyroid was given. In neither case did thyroid aggravate th 
spasmodic angina nor did it produce an effort angina, 

The occurrence of anginal pain in a myxeedematous patient does not contra-indicate th. 
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cautious use of thyroid; only when pain develops in response to an increased dosage is there 
ustification for blaming the drug, and even then it may be tolerated at a later date. 
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I wish to express my indebtedness to Dr. Angus Scott for access to his records of numerous cases of myxce- 


ema, from among which cases 1, 5, and 11 are recorded; also for much helpful discussion. 
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yank Dr. Eaton for the metabolic investigations, Dr. Wilson and Dr. McWhirter for the radiology, and those 


ractitioners who have sent information regarding patients unable to attend for re-examination. 
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irs. A. Mather has given invaluable help in tracing a number of the patients. 
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TABLE AND APPENDIX OF CASE NOTES 





Case No. — . 
: Clinical Features 
Age, and Sex . 7 


1. F.62 | 1939, Myxcedema. 
1942, 7 
2. F. 68 Myxcedema with hyperten- 
sion. 


3. F.54 | Myxeedema with hyperten- 


sion. 

4. F.56 | Myxeedema with coronary 
disease, etc. Hb. 86 per 
cent. 





| Myxeedema with coronary 
| disease. Hb. 48 per cent 
raised to 
before thyroid started. 


6. F.56 | Mild myxoedema 





FS Mild myxoedema. Hb. 92 
per cent. 

8. F. 54 Mild myxeedema and later 
menopausal thyrotoxicosis. 

9. F. 54 1938, no clinical myxcedema, 


diagnosed ‘* neurosis *. 
May 1942, typical myxe- 
dema. B.M.R. —16 per 
cent. Hb. 120 per cent. 
Oct. 1942. No clinical signs 
of myxeedema on I} gr. 





thyroid daily. B.M.R. 
; 16 per cent. SS 
10. F. 50 Myxeedema. B.M.R. —25 | 


per cent. 


| 


ll. F. 51 


Hb. 75 per cent. 


60 per cent | 


Myxcedema with anemia.| Heart not enlarged; 
sounds. 


Cardiovascular Findings Cardiogram 


Myxeedema heart. P.B. 136/80 | Normal axis, low P and T. 
B.P. 150/100 Slight L. axial deviation. 
Enlarged heart. B.P. 190/106. | Left axial deviation; low P and 
Apical systolic murmur. T. TI invisible. TIV di- 
phasic. 


Enlarged heart. B.P. 220/110| Left axial deviation; low T; 
inverted T III. 

Slight enlargement left ven- | Slight left axial deviation. Pro- 
tricle and calcified plaque in minent Q III, noQ Il. Low T. 
aorta. Inverted T I. 

| Heart not enlarged, heart} Left axial deviation. Inverted 
| sounds soft. B.P. 146/94. T Land T II, slightly elevated 
R-T Ill. 





Left ventricular enlargement. | Left axial deviation; low P and 
B.P. 130/76. | TT; inverted P III and T III. 
Partial block twice. 

Left axial deviation; low P and 

B.P. 142/86. | T;_ shallow inverted T III. 
P-R 0:24 sec. 

Left axial deviation: 


Heart enlarged, sounds distant. 


low T 
Apical systolic murmur. waves (max. 1°5 mm.). 
Pulse rate 100. 
Heart not enlarged. 
B.P. 150/86. 


Left axial deviation; T of good 
amplitude. 


Slight general enlargement of | T waves now lower, otherwise 
heart. B.P. 166/90. unchanged. 





Heart not enlarged. Unchanged. 


B.P. 132/76. 


Heart enlarged. B.P. 130/100 | Left axial deviation; low T. 
Diphasic T in some beats of 
lead I. 

soft | Low voltage; slight left axial 
dev. Flat P and T. 





B.P. 155/88. 
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Nature of the Pain and its Relation to Thyroid Treatment. 


Case 1. Effort angina appeared after 3 years’ treatment, 5 weeks after dose raised from 2 to 3 gi 
daily. Pain lessened, not abolished, on return to 2 gr. daily. 


Case 2. Sudden onset of effort angina after 3 years on 2 gr. daily. Dose temporarily halvec 
later restored. Ten months later, pain limited to the gums and felt only if walking against a cok 
wind. Diphasic T IV three months after onset of pain. 


Case 3. Onset of effort angina after 3 months on 4 gr. daily, but not reported and treatmer 
continued; B.P. gradually fell to 180/98; cardiogram unchanged. After 9 months, pain improve: 
ultimately disappeared, and B.P. rose to 220/110. Observed 4 years; no recurrence of pain even whe 
dose later raised to 6 gr. 


Case 4. Effort angina present prior to thyroid therapy. Pain abolished on 3 gr. daily, bi 
returned soon if treatment stopped. X-ray and cardiogram unchanged 3 years later; B.P. 155/105 
Hb. 84 per cent; B.M.R. —32 per cent, yet active. 


Case 5. Effort angina present prior to thyroid therapy. Three days later while patient confine 
to bed, severe bursting pains in arms; treatment stopped. Sixteen days later, cardiogram showe: 
right branch bundle block. Treatment resumed after discharge from hospital with 2 gr. thyroi 
daily. Effort angina unaffected by thyroid. 


Case 6. Effort angina present before treatment started. Attended irregularly from 1934 to 193 
for 3 to 4 weeks every 4 to 6 months. Complaint of effort angina on each occasion, and improve: 
while on 2 gr. thyroid daily. 1937-40: various treatments but no thyroid; effort angina persisted 
1940: reduced her activities and myxcedema seems to have improved spontaneously; no pain since 
no clinical evidence of myxcedema now, and B.M.R. +5 per cent. 


Case 7. Found unconscious when 47; symptoms date from this. Pain starts in I. axilla, radiates 
to cardiac apex and to sternum; worse when excited or after exertion. Thyroid advised but not given. 
Three years later, typical effort angina. Cardiogram unchanged, P-R, 0-16 sec.; Hb. 78 per cent; 
B.M.R. —17 per cent. 


Case 8. When 48, loss of hair treated by thyroid, but was intolerant. Menopause when 49 with 
transient exophthalmos and later palpitation, tachycardia, and loss of weight. Effort angina since 
then. A thin woman with scanty hair and eyebrows, impalpable thyroid, v. Graefe’s sign, tremor, 
and glycosuria. 


Case 9. 1938. First had pain in 1935 while nursing sister who died from heart disease. Pain 
in bouts lasting a few days; constantly present during attack, but worse after a day’s work; fell 
across precordium, in left shoulder, and inner side of left arm. 

May 1942. Pain constantly present at apex, worse on walking, with tightness in chest; two 
attacks of collapse. Improves and sometimes free from pain with thyroid in doses up to 3 gr. daily 
but cannot tolerate 4 gr. daily. 

October 1942. Prior to operation, thyroid reduced in error to 1} gr. daily. Attack of pain and 
collapse occurred an hour after abdomen was painted with strong iodine; pallor, pulse slow and weak, 
B.P. 140/90, heart sounds good. Attack lasted 4 hours and next day abdomen showed an intens¢ 
iodine rash with pustulation. 


Case 10, Five attacks of spasmodic nocturnal angina over a period of 9 months prior to therapy 
No attacks in 5 years since treatment started with 3 gr. thyroid daily and glucose at night. T waves 
now good. B.M.R.-+-13 per cent. 


Case 11. Attacks of precordial pain induced by sudden noise, etc.; ceased when Hb. rose t 
92 per cent with iron, before thyroid started. No recurrence on thyroid, gr. 3 daily. 

















COMMON AORTO-PULMONARY TRUNK: A RARE 


CONGENITAL DEFECT 


BY 
C. W. CURTIS BAIN anp JOHN PARKINSON 


Received February 4, 1943 


A lad of eighteen was first seen on May 18, 1942. A congenital heart lesion had been 
iagnosed when he was a few weeks old, and though he was not then cyanosed at rest, he 
on became blue and breathless on exertion, especially in cold weather. He had scarlet 
ver at the age of ten, but never rheumatism in any form. At the age of twelve, he was too 
reathless for any but short walks. He was unfit to play any games at school. A change 
ad taken place six months before (October, 1941) when cyanosis became permanent and the 
yspneea more distressing. There had been neither orthopnoea nor cedema; he had never 
\inted, and he had not lost weight. Pain had started during these last months of increased 
yspneea, and now constituted the greater complaint, though he was no complainer. On 
xertion it began in the left arm and if severe it affected the right. It was felt across the chest, 
specially on the left, but not in the back. Rest, especially if with warmth, relieved it, yet it 
light last 10 to 20 minutes once evoked by exertion, for it never began at rest. Palpitation 
vas felt on emotion or exertion. There was a slight occasional cough. 

Examination.—He was a pleasant and fairly well-developed youth, with some cyanosis of 
ihe skin and moderate clubbing of the fingers and toes. The pulse was 70-80, and regular. 
[he blood pressure was 125/100. A heaving apex beat was felt in the fifth space, two inches 
outside the nipple line. A long diastolic thrill was felt widely in the apical region, yet there 
was no thrill at the base. The first sound was snapping internal to the apex, and a thundering 
diastolic murmur was heard over the whole apical region, up to the fourth rib, though loudest 
internal to the apex. At the base the murmur was less loud; the basal second sound was just 
audible. There were no abnormal signs in the lungs or abdomen. 

The electrocardiogram (Fig. 1A) showed a small R and a large S in all leads, and an iso- 
electric T in lead I. Two months later, three days before his death on July 18, 1942, T I was 
inverted (Fig. 1B). 

Cardioscopy showed enlargement of the heart, mainly to the right, but with a single big 
rounded prominence on the left, in the region of the pulmonary artery and extending upwards 
to embrace the aortic area so that no aortic knob was visible. The right pulmonary artery 
was, however, not enlarged. In the right (1) oblique position, a barium swallow showed a 
combined aorto-pulmonary impression and no particular displacement of the left auricle. 
Radiographs by Major Peter Kerley are shown in Fig. 2 and 3. 

Course. <A tentative diagnosis was made of patent ductus arteriosus with aneurysmal 
dilatation of the pulmonary artery, presumably combined with some other defect. This pre- 
sumption seemed to preclude operation when this was considered because of the deterioration 
in his condition as already described. The physical signs by July 14, 1942 had altered as 
follows. Cyanosis was extreme, though he was not, even now, breathless at rest and could 
walk slowly in the street. The murmur had become more continuous, but it had not the 
characteristic variation of a ductus murmur. The liver was palpable and pulsating, but 
here was no oedema. 

Four days later, in the evening black-out, he failed to get a taxi and took the underground 
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tube to return to his friends in their suburban home. At that station the escalator had cease: 
working, so he was forced to climb the stairs from the station level to the surface, whereupo! 
he died suddenly. We were allowed to perform a post-mortem examination. 
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Fic. 1.—Electrocardiograms, (A) taken on May 18, and (B) taken two months later, July 15, 1942. 
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Fic. 2.—Radiograph (anterior view) showing Fic. 3.—Radiograph (right (1) oblique view), with 
aortopulmonary sac. barium in the oesophagus. 


Necropsy REPorRT. 
A fairly nourished man of average build, with no cedema. 


The pericardium is normal and the sac contains about 7 ounces of clear fluid. 
The heart on external examination appears greatly enlarged, chiefly owing to the siz 
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of the right ventricle, which forms most of the anterior surface of the ventricles and most « 
the apex, while the left ventricle forms a small part of the left border and reaches the ape 
The conus of the right ventricle seems prominent and the left auricular appendage is we 
hidden. The right auricular appendage is easily visible on the right. 

Above the ventricles is seen a single ovoid aorto-pulmonary sac, measuring 8 <7 <6 cn 
after fixation in formalin (Fig. 4). Externally it looks as if composed of the ascending aor 
and a (larger) dilated pulmonary artery. Between these two elements a small vein runs dow 
wards on the anterior outer surface of the sac to the base of the ventricles. The right « 
aortic element is yellowish—but not so yellow as a normal aorta—and forms about on 
third of the total sac as seen externally. The pulmonary artery element is bluish, and fori 
about two-thirds of the sac. The superior vena cava is normal. 

On incising the sac, it proves to be single and undivided, with nothing to suggest a 
division into aortic and pulmonary stems. The wall of the sac is similar to that of an avera; 
aorta and is uniform in thickness (0-125 cm.). The internal surface is smooth throughou', 
and there is no ante-mortem clot. 

Opening into the sac from above downwards, are six apertures (Fig. 5 and 6). 

(A) A rounded orifice leading to a common brachio-cephalic trunk which after a course of 
1 cm. divides into innominate, left common carotid, and left subclavian arteries. 

(B) An oval and rather narrow orifice leading into a smallish descending thoracic aorta 
with an external diameter of 1-7 cm. in the formalin preparation. 

(C) A slightly-funnelled orifice of the left pulmonary artery. 

(D) A funnelled orifice of the right pulmonary artery. 

(E) The aortic valvular orifice, leading from the left ventricle into the base of the sac. 
The aortic orifice and cusps are normal, with normally situated orifices of both coronary 
arteries. 

(F) The pulmonary valvular orifice (2:3 cm. diam. after fixation in formalin), leading from 
the right ventricle into the base of the sac, and separated from the aortic valvular orifice (EF) 
by a wide bridge (1-5 cm. broad) of the aorto-pulmonary saccular wall at its base (or caudal! 
extremity). There is slight cord-like thickening of the middle of the free margins of the 
otherwise normal cusps of the pulmonary valve. 

On opening the heart the right ventricle is seen to be very greatly hypertrophied (1 cm. 
thick) and slightly dilated. The right auricle is slightly hypertrophied and dilated. There is 
no dilatation or hypertrophy of left ventricle (1-2 cm. thick) or left auricle. No ante-mortem 
thrombus is found in the heart or great vessels. The mitral and tricuspid valves are normal. 

The pleure are normal, without adhesions, and each sac contains a few ounces of clear 
fluid. The /ungs are moderately congested. The brain and the cerebral and cranial vesse! 
are normal. The /iver is slightly enlarged, very firm and congested. There is great co! 
gestion of the hepatic veins, and of the inferior vena cava. The spleen is of normal siz 
firm, and congested. 


SUMMARY 


A common aorto-pulmonary trunk, as an isolated gross congenital malformation, w: 
found at death in a man of eighteen years, who had always been cyanosed and breathles 
Electrocardiograms, radiographs, and pathological details are recorded. The malformatic 
cannot be classified as persistent truncus arteriosus, because there was neither a defect of th 
interventricular septum, nor any abnormality of the aortic and pulmonary valves. 

We wish to thank Dr. J. W. Brown for his valued opinion, Major William Phillips, R.A.M.C., for clinic 
help, and Major Peter Kerley, R.A.M.C., for the radiographic investigation. To Dr. W. W. Woods, Assista! 


Director of the Pathological Institute of the London Hospital, we are much indebted for amplifying and con 
pleting the necropsy report. 
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FATAL CORONARY THROMBOSIS IN A MAN AGED 
TWENTY-TWO 


BY 
W. SLOAN MILLER ano W. W. WOODS 
om the Laboratory, R.N. Hospital, Haslar, and the Bernhard Baron Institute of Pathology, the London Hospital 


Received October 30, 1942 


We have been able to find only two cases of coronary thrombosis in young adults pub- 
shed in this country (Fernando, 1935, and Blaze, 1937). Both were reported from Ceylon, 
id the following case of coronary thrombosis in a man aged twenty-two in this country is 
erefore thought worthy of record. 


Case REPORT 

C. A. S., a leading air mechanic, died suddenly at the age of 22 years and 4 months. He 

as dead before medical attention could be given, and the following history was obtained 
from relatives, friends, and Service medical records. 

There was no family history of circulatory or other relevant disease. Three of his grand- 
parents died in old age; his fourth grandparent, both his parents, and his two siblings were 
alive and well. 

Apart from measles in childhood, influenza five years before his death, and occasional 
common colds for which he required no medical attention, he had had no illness. He had 
always led an active life, swimming and cycling and playing cricket and football. He seldom 
drank alcohol and smoked about ten cigarettes a day. He was a clerk in civilian life and 
joined the Navy over three years before his death. During this period his medical records 
show that he served in several different shore establishments without illness of any kind, 
and that he was always found fit at routine medical examinations. 

A comrade who had been his close companion in the Navy for the last two years of his 
life supplied the following details. C. A. S. appeared to be normal and healthy in every way 
and never complained of pain, breathlessness, or any other symptoms. On the evening before 
his death they had a meal ashore together and went to bed at their usual time. Nothing 
untoward happened during the night. They got up as usual at 6.45 the next morning and the 
patient then appeared quite normal. Half an hour later he complained of ** feeling queer,” 
but carried on working (bed-making). He did not appear to be particularly ill, but about an 
hour after first complaining he suddenly collapsed on the floor. He was placed on his bed, 
where it was noticed that his respirations were slow and sighing and that he was very pale. 

Breathing stopped a few minutes later, and when he was examined by a doctor shortly after- 
wards he was found to be dead. 


SUMMARY OF NECROPSY AND OF MICROSCOPICAL FINDINGS 


A well-nourished young man of good physique, with no external evidence of injury or 
disease. Left coronary artery (0-9 cm. long) normal. Lumen of first 4-5 cm. of anterior 
lescending branch of left coronary occluded by firm, grey, completely organized, canalized 
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thrombus, fused with a slightly fatty atheromatous hypertrophied intima. Remainder o° 
anterior descending branch normal except for slight hypertrophy of intima. Considerab!| 
stenosis by atheroma, and occlusion by organizing thrombus of first 0-5 cm. of circumfle 
branch of left coronary artery, and slight stenosis by atheroma, | cm. from its origin. Ci 
cumflex branch abnormally short, ending as the left marginal artery. Numerous minut 
flecks of fatty atheroma and one larger atheromatous area (0-4 0-3 cm.) in right corona: 
artery, without stenosis of lumen. No recent coronary thrombosis found. Coronary sin 
and its tributaries normal. Numerous, irregularly branched, white areas of ischemic fibros 
of myocardium in middle third of interventricular septum, the largest being 1 x0-4 cm 
few in lower third; none elsewhere in myocardium. No recent infarction of myocardiu 
detected. No enlargement of heart (weight 12 oz.). Pericardium and cardiac valves norm: 
Numerous very small flecks of fatty atheroma in first 2 cm. of aorta, a few in aortic arch an 
a few, accompanied by sparse faint streaks of fatty atheroma, in descending aorta. Co1.- 
gestion of kidneys. Slight congestion of liver. One pint of semi-digested food in stomaci.. 
No abnormality found in brain, mouth, air passages, lungs, or any other organ. 


Microscopical Description. \n sections of the anterior descending branch at the upper end of the 
occluded area, the lumen is filled with a tissue composed of fibroblasts, collagen fibres, a few macro- 
phages containing pigment and giving a positive reaction for iron, numerous capillaries and numerous 
vessels with walls composed of thick layers of involuntary muscle fibres and elastic fibres; most of 
these well-developed vessels lie near the intima and have very narrow lumina. In sections 2 cm. 
further down the artery the canalizing vessels have wider lumina and their walls contain less muscle 
but abundant elastic fibres. In both sets of sections the intima is hypertrophied, having developed 
a thickened longitudinal musculo-elastic layer between the elastic lamella and the elastic stripe, as 
well as a hyperplastic elastic layer internal to the latter (Fig. 1). Frozen sections stained with Sudan III 
show very slight focal fatty atheroma in the hypertrophied intima. The media of the anterior descend- 





Fic. 1.—Upper part of anterior descending branch, occluded by canalized organized thrombus. A=medi: 
B=longitudinal musculo-elastic layer of intima. C=Hyperplastic elastic layer of intima. Weigert 
fuchselin and neutral red. x 32. 

The section has been overstained in Weigert’s fuchselin to make the elastic fibres in the new vessel 

of the organized thrombus more distinct in the photo; this overstaining has the disadvantage of makin; 

the division between layers B and C less distinct, although this division is absolutely clear when the sectio! 
is examined with the microscope. 
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CORONARY THROMBOSIS AT TWENTY-TWO 103 
ing branch is normal except that it is unusually rich in elastic fibres. The adventitia is normal except 
that the small vessels in and outside it are dilated. The neighbouring smaller and larger branches of 
the artery are normal except that in one of the largest there is slight fibro-musculo-elastic hypertrophy 
of the intima. The lower half of the anterior descending branch is normal except for slight hyper- 
rophy of the intima, consisting chiefly of proliferated elastic fibres. There is a considerable amount 
yf elastic in its media. Its branches are normal. Two transverse pieces were taken from the first 
):5 cm. of the circumflex branch for paraffin embedding, and one piece for frozen sections. Areas of 
itheromatous intima, several times thicker than the normal media, bulge into the lumen; these areas 
yave an inconspicuous longitudinal musculo-elastic layer, and consist mainly of a greatly thickened 
yperplastic layer which is composed of abundant delicate elastic and collagen fibres and numerous 
pindle and polygonal macrophages full of fat. The lumen is occupied by a central area of fibrin 
vith a few leucocytes and red blood corpuscles and a broad peripheral zone of delicate connective 
issue composed mainly of fibroblasts and capillaries and containing very few slender collagen fibres 
nd no pigment macrophages. In the adventitia and extra-adventitial connective tissue there is 
ilatation of capillaries and very slight infiltration with lymphocytes, but nowhere is there any sugges- 
on of acute or chronic arteritis. Ina similar series of sections of the circumflex branch, taken | cm. 
rom its origin, there is a slightly lesser degree of atheroma and no other abnormality. No hemorrhage 
nd no capillaries wgre seen in the intima above and at the sides of the areas of atheroma in any of 
1e coronary arteries. In the large pieces of interventricular septum included in these sections there is 
i1uch old ischemic destruction of myocardium, showing as numerous areas of muscle replaced by 
ense fibrous tissue which is remarkably rich in elastic fibres. There is no fatty degeneration of the 
yyocardium to be seen in frozen sections of the interventricular septum stained with Sudan III. 
he largest coronary branch in the myocardium in these sections has its lumen obliterated by a tissue 
milar to that described in the occluded part of the anterior descending branch; this tissue is fused 
ith the hypertrophied intima, which consists chiefly of elastic fibres. 
Congestion is conspicuous in sections of the kidney, but there is no other abnormality. Con- 
estion is less obvious in the liver. 


DISCUSSION 

The incidence of coronary- thrombosis before the fifth decade varies according to 
lifferent authors. White and Mudd (1927) found 3 per cent of 418 cases under 40; Conner 
and Holt (quoted by Reitman ef a/., 1942) in a series of 287 cases found 8 per cent under 
40 and | per cent under 30. Durant, 1937, in his 114 cases of proved coronary thrombosis 
reported 7 (6 per cent) under the age of 35, only | of which was under 30. 

Scott (1938) was able to collect a total of 208 cases of coronary thrombosis in patients 
under 40; of these only 28 were aged 30 or less. Reitman ef a/. (1942), found 34 reported 
cases below 30, and 4 below 20 years of age, among their total collection of 221 cases under 40. 

Although arteriosclerosis has been found in children as young as two years (Stolkind, 
1928) and cases of coronary calcification and thrombosis have been reported in infancy, the 
pathogenesis in these appears to be little related to the accident occurring in later life; thus 
Brown and Richter (1941) suspect some alteration in the calcium and phosphorus metabolism, 
and in van Crevald’s (1941) case of coronary thrombosis in a girl 7 weeks old, the disease 
appeared to be related to the use of drugs by the allergic mother. 

Apart from infancy, the youngest reported case of coronary thrombosis appears to be at 
the age of 12 (Dreschfeld and Benda, quoted by Smith and Bartels, 1932). Sprague and 
Orgaine (1935) describe two cases at 15 and 16 years, proved at necropsy. In the remainder of 
the published cases of coronary thrombosis in young adults the condition occurs with increas- 
ing frequency from the age of 18 upwards. 

Coronary thrombosis is so commonly associated with men in their fifties or sixties that 
its occurrence in young adults might be thought to differ in some essential way from the 
typical case in later life. Syphilitic aortitis, for example, is sometimes considered a relatively 
frequent cause under the age of 40; but in the cases reported under the age of 30 it appears 
to play no part. Since Barron and Linenthal (1929) described thrombo-angiitis obliterans as 
a cause of coronary thrombosis, it might be expected that this disease would account for at 
least some of the cases of coronary thrombosis in young adults, but again there is no reported 
evidence of this. 

Herapath and Perry (1930) have reported a family remarkable for the early age at which 
here were sudden deaths of four different members, and this is probably an important factor 
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in the occurrence of cases early in life. The father died suddenly of heart disease when 4: 
There were nine children, of whom three sons died suddenly from heart disease, each at a 
early age. The second son died at 30. The fifth son, aged 32, was taken ill when playing foo 
ball and died within an hour, his heart showing gross atheromatous changes in the corona: 
arteries. The eldest son, then aged 39, was already complaining of a tight feeling in his che 
when he hurried or took any exercise. Four years later the attacks were worse, and we 
associated with severe anginal pain even on quiet walking. The heart was not enlarged, ar 
the cardiogram, which had been normal two years before, now showed inversion of t 
T waves in leads If and III. A month later he fell dead while getting into a tram. There we 
atheromatous changes in the thoracic and abdominal aorta with ulceration and so 
calcification, the media showing replacement fibrosis and the intima showing extensive fat 
degeneration. The coronary arteries were hard and thickened, and after injection show 
the increase of vascularity corresponding to an extreme degree of the “age change 
described by Gross as occurring in a man of over sixty. 

The following eleven cases of coronary thrombosis at the age of 30 and under have be¢ 
abstracted; in the other published cases either the data given are insufficient for comparatiy. 
purposes or the original papers were not available. 


1. Fernando (1935) reported the case of an athletic male Cingalese, aged 24, who had attacks of 


anginal pain with dyspnoea, occurring first while in bed. An electrocardiogram (EC.) confirmed 
the diagnosis of coronary thrombosis. The patient was discharged from hospital after two months 
Wassermann reaction negative. No previous illness. Mother died of heart attack when 45. 


2. Durant (1937) reported the case of a male Jewish student, aged 23, who had three attacks of 


substernal pain with dyspnoea before admission to hospital. EC. confirmed anterior cardiac infarct. 
Kahn negative. No relevant family history or previous illness. 


3. Blaze (1937) reported a Tamil manual labourer, aged 23, who collapsed on his way to work with 
symptoms of coronary artery occlusion. He died shortly afterwards and at necropsy an ante-mortem 
thrombus was found attached to the wall of the beginning of the descending branch of the left 
coronary artery. Both coronary arteries showed atheromatous plaques. No relevant past history 
was obtained and family history was not noted. 


4. Franklin’s (1938) case was an American male, aged 30, who two months before investigation 
had a sudden attack of severe chest pain lasting two days, and subsequent attacks of less severity. 
He was a heavy drinker and smoked 20 to 40 cigarettes a day, but had no previous illness except 
ichthyosis. His mother died, aged 54, of high blood pressure. Kahn negative. EC. was suggestive 
of myocardial infarction. He gradually improved. 


5. Halbersleben (1938) reported the case of a 28 year old American housewife who develope: 
symptoms of coronary artery occlusion while sitting at table. She died five days later, and at necropsy 
the right coronary artery was found to be occluded by thrombus. Both coronary arteries showed 
atherosclerotic thickening, and there were extensive areas of infarct necrosis in the myocardium 
the left ventricle. She also had a leukemia, but the white blood count was only 32,000 per c.mn 
and the thrombus was not one of white cells. She had a normal pregnancy at the age of 26. The: 
was no relevant previous illness or family history. 


6. Scott’s (1938) patient was a cost accountant, aged 27. He had presternal pain of some hou 
duration seven days prior to investigation. EC. showed coronary occlusion of T III type. He gradual! 
improved. He had chorea at 7, but no other previous illness. Wassermann negative. He smoke 
15 to 20 cigarettes a day, and seldom drank alcohol. His father died of apoplexy when 63; one o 
his mother’s sisters died of diabetes when 59 years old. 

7. Goodson and Willius (1939) reported three cases of coronary thrombosis under the age of 3 
but give details of only one. This was a housewife, aged 22, in the third month of her first pregnancy 
She fell from a low porch and sustained a head injury, remaining unconscious until she died 16 hour 
later. The necropsy findings were an acute infarct of the posterior wall of the right ventricle and 
linear infarct of the central portion of the interventricular septum extending from the base to the ape 
There was no atherosclerosis of the coronary arteries according to the authors; since petechial hem« 
rrhages were found in the cortex they were uncertain whether the fall was occasioned by the sever 
pain of coronary thrombosis or whether the coronary thrombosis occurred as a result of the fall. 
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8. Ferguson and Lockwood (1939) published the case of an American truck driver, aged 26, 
who was afflicted with substernal and epigastric pain of sudden onset, increasing to maximum severity 
n 24 hours, radiating to the left shoulder and arm. EC. showed progressive myocardial damage but 
vere not in themselves diagnostic of coronary occlusion; yet a pericardial rub and inversion of TI 
idicated a lesion in the anterior and apical region. Wassermann reaction negative. He recovered 
nd was alive and well after six months. He had no previous illness but had used tobacco excessively 
or years (no amount stated). His father died, aged 40, of cardiovascular disease. 

9. Dawber’s (1941) case was a man, aged 21, in a Marine hospital who developed symptoms of 
yronary occlusion, following two 6-hour periods of hyperthermy at 106° F. for chronic gonorrheeal 
rethritis. EC. confirmed, showing an anterior infarction. Repeated serological tests for syphilis 
ere negative. The patient survived this attack. He had no other disease. No note of family history 
made. 

10. Macdonald (1941) reported coronary thrombosis, in a male of 21, which proved fatal about a 
ar later, in the third attack. No family or previous history is noted. The original attack started 
hile he was walking home after a game of softball, during which he was struck on the chest. The 
,atomic diagnosis at necropsy was atherosclerosis, stenosis, and thrombosis of the coronary arteries 
Id thrombosis of the left with recanalization, and recent thrombosis of the right artery); and infarcts 

the heart (healed and recent). 

11. Reitman et al. (1942) published a case of coronary thrombosis in a student, aged 20, who 
ice the age of 9 had diabetes, which was controlled by diet and protamine insulin at the time 

the attack. Past history was otherwise normal. No family history noted. Precordial pressure 
id dyspnoea on slight exertion began two days after the patient had gone swimming and had to swim 
me distance to reach the shore. The eyegrounds showed early tortuosity of the vessels with moderate 
herosclerotic changes. EC. showed evidence of acute myocardial infarction involving the posterior 
rface of the left ventricle. The authors ascribe the early onset of coronary thrombosis in this case 
» hypercholesterolemia; the blood cholesterol was 350 mg. per 100 c.c. The patient survived this 
attack. 


Analysing the above eleven cases along with the one here reported we may observe that 
in twelve cases of coronary thrombosis between the ages of 20 and 30: 

Ten patients were male and two female (in 27 reported cases of coronary thrombosis 
under 30 in which the sex was stated, there were only 4 females). 

There appeared to be no special predilection for race or occupation. 

Four died in the first attack; the remaining eight survived for some months at least. 

There was a rheumatic history in only one (Case 6). 

Syphilis was not once the cause. 

Of seven whose family history is noted, four had evidence of familial ** defective tubing.”’ 

Atheroma or atherosclerosis was the lesion found in all four cases which came to necropsy 
and are adequately described. Goodson and Willius’ case must be omitted for lack of micro- 
scopical data. Scott (1938), referring to his collection of 208 cases of coronary thrombosis 
under 40, states: ‘* Arteriosclerosis is the pathologic lesion invariably found in all of the cases 
referred to in this paper that have come to autopsy.” 

Raised blood pressure was present in only one of the twelve cases (Halbersleben’s case; 
blood pressure about 150/85 for years). Signs of arterial disease, apart from those of coronary 
occlusion, were absent in these cases. 


SUMMARY AND CONCLUSIONS 


A case of sudden unexpected death from coronary thrombosis and ischemic fibrosis of 
the myocardium is described in a man of twenty-two. Thrombosis had occurred in the 
anterior descending branch so long before death that the thrombus was completely organized 
and contained vessels with musculo-elastic walls. There was a more recent incompletely 
organized thrombus in the circumflex branch. The examination revealed neither a thrombus 
that had formed immediately before death nor a recent myocardial infarct. The only disease 

I 
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found in the coronary arteries predisposing to thrombosis was atheroma. There was n 
history of any illness before the attack, which started about one hour before death. 

2. The reported cases of coronary thrombosis in young adults are reviewed. The co: 
dition in young adults is very similar to the typical case in later life except that raised bloc 
pressure has rarely been noted. The pathological lesion found in the cases that have come 1 
necropsy is atheroma (atherosclerosis) of the coronary arteries, the anterior descendir 
branch of the left coronary being most frequently the site of thrombosis. 


We are indebted to Surgeon Rear-Admiral Bradbury, C.B.E., D.S.O., for permission to publish this pap: 
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The first description of an actual case of syphilitic angina pectoris has been credited to 
orgagni (1761). It concerned a woman, aged 42, who had anguish in the upper part of the 
ciest, with difficulty in breathing and numbness of the left arm, provoked by exertion and 
omptly relieved by rest; while on a journey from Venice, she died suddenly in a paroxysm. 
( necropsy, the arch of the aorta was dilated, its inner surface irregular and ossified, and the 
lves indurated. Following Heberden’s account of angina pectoris, Blackall (1814) and, 
er, Corrigan (1838) reported its association with disease of the aorta, which, at that time, 
hid not been connected with syphilis. After syphilitic aortitis had been identified and 
parated from atheroma (Welch, 1876), its relation to angina pectoris became recognized, 
pecially by Allbutt. His aortic theory, though no longer entertained in respect of angina 
pectoris in general, has never been entirely abandoned in the case of syphilitic aortitis. 

Thus, Herrick (1931), in subscribing to the coronary theory, did not deny the possibility 
ol an aortic angina which “ lacks the earmarks of the typical form.’” Coombs (1932) remarked 
that certain features of syphilitic anginal pain were suggestive of a periaortic origin. Stadler 
(1932) found the distinction between aortalgia and mild angina pectoris difficult. This con- 
ception of an atypical or pseudo-angina of aortic origin is still current in descriptions of the 
symptoms of syphilitic aortitis. It was, of course, opposed by Allbutt (1915), who accused 
contemporary writers of withholding the diagnosis of angina pectoris at pleasure whenever 
the coronaries proved to be intact: ‘Call no man anginous until he be dead, and not even 
then unless he has played the game.” 

In investigating syphilitic anginal pain, we have paid special attention to the occurrence 
of any peculiar or atypical features that might be interpreted in terms of an aortalgia. In 
order to approach the problem of pathogenesis without bias, we have included in this inquiry 
all cases of paroxysmal pain the chest of anginoid type occurring in syphilitic subjects, without 
reference to the physical signs. Non-paroxysmal pain has been excluded; we believe that, 
in syphilitic cases, it can usually be attributed to pressure from a dilated aorta, and need not 
be confused with angina pectoris. The presence of aneurysm sometimes gave rise to difficulty 
in diagnosis. Osler (1906) first drew attention to the importance of angina pectoris as an 
early symptom of aortic aneurysm, and Mackenzie (1923) also accepted the association as 
common. More recently, Campbell (1936) has stated that 15 per cent of all cases of thoracic 
aneurysm are subject to anginal pain. We have, therefore, not excluded cases of aneurysm 
from consideration except when obvious pressure symptoms or signs rendered the interpreta- 
tion of pain difficult. 


_ 


CLINICAL MATERIAL 
The records of 103 patients with evidence of syphilitic infection and subject to anginal 
pain, in the sense defined, have been analysed. They were seen by one of us in hospital and 
practice, mostly during the last ten years, and details of the pain were recorded personally. 
It is not suggested that syphilis was invariably a causative factor, for atheromatous coronary 
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disease is always probable in those of appropriate age, yet aortitis cannot be excluded at a1 
age in a syphilitic subject. In such a series of cases it should be possible to identify the essent 
characteristics, if any, of syphilitic anginal pain. 

Evidence of Syphilis. One or more of the following criteria of syphilitic infection w 
present in every case. 

(1) A history of primary or secondary syphilis, or of treatment for it. 

(2) A positive Wassermann (W.R.) or, occasionally, Kahn reaction. 

(3) Unquestionable syphilitic lesions other than cardiovascular. 

(4) Aortic incompetence with a typical X-ray picture of syphilitic aortitis, that was n 

otherwise explicable. 

A positive W.R. (or Kahn in a few cases) was recorded at some stage in 96 cases; in 9 
these, negative reactions were obtained later, after treatment. In the 7 cases without a positi e 
W.R., two gave a history of syphilis and had typical dilatation of the aorta without hyp: 
tension, 4 had aortic incompetence with syphilitic lesions elsewhere, and | had aortic inco 
petence with a dilated aorta suggesting aortitis. 

There was a history of primary or secondary syphilis in 31 cases, in 29 of which the daie 
of infection was recorded. The interval between infection and the onset of anginal pain varic« 
between 7 and 44 years, the average being 24 years; in 11 cases it was less than 20 years arc 
in 18 cases 20 years or longer. 

Age. The age at onset of anginal pain in these 103 cases and, for comparison, that in ; 
series of 540 unselected cases of angina pectoris seen by one of us, is given in Table I. 


‘ 


TABLE | 


AGE INCIDENCE OF SYPHILITIC ANGINA PECTORIS COMPARED WITH THAT IN A SERIES OF UNSELECTED Casi 
(PERCENTAGES) 


ve 


Age at onset of pain... 7 a 30-39 40-49 50-59 60-69 Over 70 
Syphilitic angina—103 cases... id 10 32 30 28 0 
Unselected angina—540 cases .. eh 3 18 a 32 10 


In syphilitic subjects angina started most frequently in the forties, but almost as often in 
the fifties or sixties. In Gallavardin’s (1938) 252 syphilitic cases, the onset of pain was most 
frequent in the fifties, though fairly evenly distributed between the ages of 40 and 69. The 
importance of syphilis as the cause of angina below the age of 40 has rightly been emphasized, 
but it must not be overlooked that syphilitic angina is actually more frequent after than before 
50. Several patients in this series, with aortic incompetence, are still alive in the region of 
70 years of age. 

Sex. There were 80 men and 23 women, giving a sex ratio of 3-5 males to 1 female 
which corresponds to the sex ratio in angina pectoris as a whole as given in recent statistics 
(White and Bland, 1931; Gallavardin, 1938; and Bedford, 1936). 

Aortic Incompetence. This was present in 67 cases (65 per cent); occasionally it developed 
while the patient was under observation and subsequent to the onset of anginal pain. The 
incidence of aortic incompetence was 100 per cent below the age of 40, 70 per cent betwe: 
40 and 50, 47 per cent ——— 50 and 60, and 65 per cent over 60 years. Gallavardin fou 
aortic incompetence in only 32 per cent of his syphilitic anginous patients. In compariso 
the incidence of aortic incompetence in angina pectoris as a whole was 4-8 per cent in 0 
540 cases, and 5-5 per cent in Gallavardin’s series. 

Aortic Dilatation. The results of X-ray examination were recorded as follows: 


Aorta normal . dich 4 .. 36 cases 
Unfolding of aorta (not ty pical of sy philis) : < oe ee 
General dilatation ee Be oe 
Dilatation mainly of ascending part a bs oe <= ee 
Aneurysm .. - , a a - ei 7 


X-ray not recorded | 
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Though the aorta was widened in 59 cases (62 per cent), in only 40 was the radiological 


picture diagnostic of syphilitic aortitis. In Case 45—a man aged 48 in whom aortic incom- 


vetence developed terminally and subsequent to the onset of anginal pain—the aorta appeared 
bsolutely normal in the radiograph (Fig. 1); yet necropsy disclosed generalized syphilitic 





FiG. 1.—Radiograph in Case 45, showing normal appearance of heart and aorta. Necropsy showed severe 
syphilitic aortitis with stenosis of both coronary ostia. 


aortitis without appreciable dilatation, and severe stenosis of both coronary ostia. Absence 
of aortic dilatation should not exclude a syphilitic etiology in any case of angina pectoris. 

Cardiac Enlargement. The heart, judged by X-rays in all but 8 cases, was normal in size 
in 20 and enlarged in 83 cases ; in 48 the degree of enlargement was slight. Stenosis of the 
coronary ostia tends to limit the process of cardiac hypertrophy in aortic incompetence, and 
this may explain why gross enlargement was not more common. 

Blood Pressure. Normal standards of blood pressure are scarcely applicable to aortic 
incompetence, in which a relatively high systolic and low diastolic pressure represent the 
effect of cardiac hypertrophy combined with vaso-dilatation. Twenty-six patients (25 per 
cent) were regarded as having some degree of essential hypertension because of a systolic 
pressure of at least 200 mm. or a diastolic of at least 100 mm., or both. Thirteen patients 
1ad systolic pressure of 170-200 mm. with normal or low diastolic pressures, and this was 
regarded as the effect of aortic incompetence. In the remainder, pressures were below these 
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levels. Thus, hypertension is somewhat less frequent in syphilitic than in non-syphilit 
angina pectoris. 

Electrocardiogram. Records were obtained in 94 cases. They were normal in 37 a1 
abnormal—or became abnormal—in 57 cases. Significant T wave abnormalities occurré 
in 47, bundle branch block in 5, significant notching of QRS in 18, and 4 show 
A-V block of some degree. Transient R-T changes were recorded in the course of seve 
anginal episodes in Scases. Of 12 cases with a terminal status anginosus or stenosis of t 
coronary ostia at necropsy, the cardiogram was abnormal in 10; bundle branch blo 
occurred in 3, T I inversion in 2, T II and T III inversion in 4, and T inversion in all leads 
1 case. In Case 45, dying in a status anginosus, with severe stenosis of both coronary osi 
at necropsy, the curve was normal within a few days of death. In only 2 of these cases w 
significant R-T deviation recorded; once it was of opposite and once of similar direction 
the T waves. The reciprocal R-T and T changes characteristic of myocardial infarction a 
not usually observed in ostial obstruction. This was also the experience of Muijden and 
Scherf (1934), of Levy (1936), and of Zimmermann-Meinzigen (1936). 

Site of the Pain. It is often stated that the pain of syphilitic aortitis is unusual or atypic«! 
in its distribution in comparison with that of angina pectoris proper (Reid, 1930; Coombs. 
1930). In the majority of our syphilitic cases the pain was either central or extended hori- 
zontally and more or less symetrically across the chest; its level was approximately mid- 
sternal in 55 cases and in the remainder at the upper or lower thirds of the sternum with almost 
equal frequency. Pain often spread to the neck or throat (25 cases), to the back (18 cases), 
and to the shoulders, axilla, and arms. It affected both arms in 38 cases, the left only in 19, 
and the right only in 2; this applies to the more severe attacks and not to milder ones in which 
pain was more confined. 

In 7 cases pain started in the left chest and spread to the sternum, in 2 it started posteriorly 
in the interscapular region, and in 4 in the arms. In only 7 cases could the pain be described 
as eccentric; in 4 of these it was situated in the left chest and in 3 in the right chest. Such an 
eccentric distribution is found in a similar proportion of cases of non-syphilitic angina pectoris. 

The traditional term substernal describes appropriately enough the brief oppression or 
tightness in the chest on effort which is quickly relieved by halting, but it is an inadequate 
description of the distribution of severe or prolonged anginal pain, for example in coronary 
thrombosis or in the nocturnal attacks of syphilitic aortitis. In the present cases, pain was 
often widespread and involved the spine, neck, or shoulders, but to describe it as atypical 
or unusual would be unwarranted. 


CLINICAL VARIETIES OF ANGINAL PAIN 

(1) Angina of Effort. There were 76 patients who were subject to fairly typical anginal pai 
on exertion, relieved by halting. This was sometimes more severe and more lasting than tl 
usual effort pain. In 13, pain provoked by effort persisted in some degree for 5 to 30 minute 
but it was almost always amenable to nitrites when prescribed. Pain that subsides slow! 
has been described as characteristic of aortitis (Barrie, 1912; Laubry ef a/., 1925; and Rei 
1930). Yet Heberden, in describing angina pectoris, wrote: ** After it has continued a yea 
or more, it will not cease as instantaneously upon standing still.” The following examp! 
may be cited. 

Case 75. Male, aged 56, first seen August 1934. Syphilis denied. For 2 years subject to paii 
across chest at mid-sternal level, extending into both arms, provoked by effort and persisting some 
times for as long as an hour. Recently, onset of nocturnal attacks of pain lasting up to an hour 
with palpitation and dyspneea, relieved by nitrites. 

Examination. Pulse, regular and collapsing. Arteries, thickened. B.P., 200/70. Aortic diastoli 


murmur; gallop rhythm at apex. X-ray: slight enlargement of heart and widening of aorta; no 
signs of congestive failure. EC., normal. W.R., positive. 
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Course. After rest and mercurial treatment, improved but liable to effort pain. In October 
1936, pain more frequent with severe nocturnal attacks, and dyspneeic paroxysms. In August 1937, 
n hospital with spontaneous anginal attacks accompanied by paroxysmal dyspnea. EC., bundle- 
yranch block. Died, with increasing pulmonary cedema. 

Necropsy. Great hypertrophy of left ventricle and dilatation of right. Gross syphilitic aortitis 
nd deformity of aortic cusps. Right coronary orifice occluded and left orifice stenosed. Coronary 
runks normal. Bilateral hydrothorax and pulmonary oedema. 

(2) Angina apart from Effort. Paroxysmal pain unrelated to effort, either nocturnal or 
liurnal, occurred in 64 cases, 37 of which also had effort pain. Of the 27 patients without 
‘ffort pain, 8 were considered to be cases of coronary thrombosis probably associated with 
theroma. It is evident that spontaneous and especially nocturnal anginal pain is far com- 
ioner in syphilitic than in non-syphilitic anginous subjects. As this kind of pain has been 
9 often described as characteristic of aortitis, as opposed to cardiac ischemia, we shall con- 

der it in detail under the following headings. 


(a) Nocturnal angina. 

(6) Spontaneous diurnal angina. 

(c) Angina associated with paroxysmal dyspneea (paradyspneeic angina). 
(d) Syphilitic status anginosus. 

(e) Cardiac infarction syndrome. 


(a) Nocturnal Angina Pectoris. Forty-four patients (43 per cent) were subject to nocturnal 
nginal attacks. If the pain occurred in the early hours of sleep, it was apt to recur once or 
nore before morning; but in some patients it occurred only in the later hours. Occasionally 
i was described as continuing on and off all night. Pain tended to be severe and persistent, 
.asting 5 to 30 minutes or even longer unless relieved by nitrites. Patients tend, however, to 
/ver-estimate its duration. Some experienced a remarkable predominance of nocturnal 

attacks which occurred from the start and continued over periods of years. As Gallavardin 
puts it, these martyrs of the night may be little troubled in the daytime, especially if they avoid 
effort. 

Nitrites almost invariably gave relief and once prescribed were apt to be consumed in 
extraordinary quantities. An opiate or other sedative at bedtime was often effective in pre- 
venting nocturnal pain, and a late or heavy evening meal always aggravated it. Patients with 
nocturnal angina seem particularly sensitive to a full stomach. The influence of posture is 
evident in many patients. Some of them experienced pain when lying down, even if awake 
and in the daytime, whereas sitting upright, standing, or walking about usually afforded some 
relief. A return to the horizontal posture favoured a recurrence of pain and recourse to sleep- 
ing in a chair was occasionally necessary. These repetitive nocturnal paroxysms were described 
by the earliest writers on angina, for example, Heberden (1802), Parry (1799) and Black 
(1819). Black’s four patients, among the earliest in which coronary disease was demonstrated at 
necropsy, all had frequent nocturnal attacks and one patient used to sit up on a chair to 
“ baffle the paroxysms.” 

Palpitation during the attack was a common complaint and tachycardia was frequently 
confirmed by observation. Blood pressure readings during nocturnal pain were scanty, but 
a rise of pressure was recorded in several cases. We are satisfied that paroxysmal dyspnea 
is not an essential or usual accompaniment of nocturnal pain, as French writers—excepting 
Gallavardin—have assumed. Cases in which this combination did occur are separately 
considered. 

In a series of 200 unselected cases of angina pectoris, 23 per cent were subject to nocturnal 
pain compared with 43 per cent in the syphilitic series. The frequency of nocturnal attacks 
in syphilis has been insufficiently recognized though it has not altogether escaped notice, 
for example, by Willius (1936) and Oille (1937); it is easily confirmed by reference to published 
case records such as those of Mackenzie (1923), Osler (1897) and Gallavardin (1925). Aortic 
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incompetence is the rule and occurred in 77 per cent of our cases with nocturnal pain. T! 
following example is briefly cited. 


Case 79. Man,aged 64, first seen September 1926, while under treatment for tertiary syphilit 
lesions of mouth. Started attacks of severe mid-sternal pain radiating to spine, unrelated to eff< 
and usually nocturnal. 

Examination. Slight enlargement of heart and dilatation of ascending aorta (X-ray). Accentuat 
aortic second sound: no aortic incompetence. B.P., 150/100. EC., left axis deviation; P-R pi 
longed, QRS and T normal. 

Course. Following rest and anti-syphilitic treatment free from pain for over 2 years, when 
recurred. Attacks nocturnal or provoked by lying flat and relieved by sitting up. Became sho: 
winded, signs of aortic incompetence were noticed, and congestive failure soon followed. Improv: 
with treatment for heart failure. In 1934 in hospital with further congestive failure and hydrothora. . 
B.P. 210/80. Died at home in January 1937, 11 years after the onset of anginal pain. 


(b) Spontaneous Diurnal Anginal Pain. Pain apart from effort during the daytime occurre. 
in 22 cases, half of which were also subject to effort pain and most to nocturnal pain. Suc 
factors as emotion, meals, cold, etc., were often operative. The effect of posture was also 
mentioned by some patients in whom reclining, stooping, or bending might precipitate pai 
The attacks tended to be severe and prolonged and were sometimes accompanied by sweati 
and palpitation, but were amenable to nitrites when available. Perhaps the most remarkable 
feature in these syphilitic patients was the period of time—even years—over which severe and 
prolonged anginal pain occurred without objective signs of deterioration of the heart or 
failure appearing. Sometimes there were intervals of relative freedom of even remissions. 

(c) Paradyspneic Anginal Pain. \n the past, cardiac asthma was often confused with 
angina pectoris and even to-day this confusion persists in descriptions of so-called angina of 
decubitus. Acute pulmonary oedema may start with a feeling of oppression in the chest due 
to pulmonary engorgement, and this has undoubtedly passed as angina of decubitus. Galla- 
vardin (1933) refers to this sense of oppression as paradyspneeic angor, but does not confuse 
it with angina pectoris. Admitting occasional difficulty in differentiating between the two, 
there is no doubt that genuine anginal pain, radiating to both arms, is sometimes combined 
with paroxysmal dyspnoea, as recognized by Osler (1897), Merklen (1908), and later by most 
writers on cardiac asthma (Pratt, 1926; Bedford, 1939). 

Thirteen patients suffered from these combined paroxysms which were often but not always 
nocturnal. Pain occurred first and persisted until dyspnoea supervened, followed by some 
degree of pulmonary edema. Nitrites were often given at the start of the attack and seemed 
to afford a measure of relief, but morphia was usually required. Like all forms of cardiac 
asthma, the anginal type complicates the terminal stages of heart disease, though the 
paroxysms may cease for a time with rest and treatment, or if congestive failure become: 
established. The following example may be cited: 


Case 100. Woman, aged 44, first seen in December 1938. No rheumatic or syphilitic history 
Good health until 6 months earlier, when she became breathless on exertion. 

Examination. Pulse, regular. B.P., 140/75. Arteries normal. Heart not appreciably enlarged 
ascending aorta prominent (X-ray). Aortic diastolic murmur. EC., normal rhythm; T I negativé 
W.R. positive. 

Course. Temporary improvement with rest in bed and oral anti-syphilitic medication. I 
February 1939, paroxysmal dyspnoea and admitted to hospital. There showed a series of sever 
anginal attacks, each succeeded by paroxysms of dyspnoea with blood-stained expectoration anc 
transient signs of pulmonary cedema. Pain, sternal, spreading down both arms and of great intensity 
morphine gave relief in 5 to 20 minutes. Frequent attacks of this kind for several weeks, the blooc 
pressure falling progressively; died of left heart failure in March 1939. 

Necropsy. Syphilitic aortitis, aortic incompetence, and almost complete occlusion of both coronary 
ostia. No macroscopic infarction of myocardium. 


(d) Syphilitic Status Anginosus. The symptoms produced by stenosis or occlusion of the 
coronary Ostia complicating aortitis, previously described as an “* ingravescent anginal state ~ 
(Parkinson and Bedford, 1928), can usually be distinguished from the clinical syndrome o! 
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coronary thrombosis or occlusion with massive focal cardiac infarction. Nine patients in this 
eries presented the symptoms of ostial obstruction, and in 7 of them necropsies were obtained 
ind confirmed the diagnosis. 

Typically, a patient subject to effort pain begins to have spontaneous attacks which 
ncrease in frequency and severity, occurring in the daytime and at night. Repetitive seizures 
ulminate in a status anginosus with falling blood pressure and often with dyspnoea and 
sulmonary oedema. It has frequently been stated that the duration of life from the first 
ppearance of pain in these cases is a matter of months, but in only 2 of our fatal cases was it 
*ss than a year, the average being two years and the longest five years. Aortic incompetence 
; almost invariably present; in all our necropsies the cusps were deformed, though in one 
ise clinical incompetence was absent, and in another it did not appear until shortly before 
eath, and subsequent to the onset of repetitive anginal attacks. 

One patient survived a status anginosus of the sort described. This was a woman, aged 
4, with syphilitic aortic incompetence. Five months after the onset of angina of effort, she 
egan to have spontaneous attacks of pain during the daytime and at night. While resting 

hospital about 100 severe attacks were recorded and repeated doses of morphine were 
quired. Gradually she became almost moribund, the blood pressure falling to 85/60 mm.; 
ut after 6 weeks she began to improve slowly and later anti-syphilitic treatment was started. 
he left hospital and was still alive 6 years later, though subject to frequent anginal pain. 

The following case is illustrative of the 8 who died. 


Case 16. A man, aged 44, had complained for two years of a crushing pain in the chest on 
exertion, relieved by rest. Pain started at mid-sternum and spread to throat, down both arms, and 
) right scapula. Following an attack lasting half an hour, pain became more frequent and severe, 
‘curring at night and apart from effort. Brought to hospital in a severe anginal seizure requiring 
orphia and lasting 7 hours. 
Examination. Pulse, regular and collapsing. B.P., 140/50. Arteries, thickened. Aortic to-and-fro 
urmurs. No signs of congestive failure. W.R., positive. X-ray: gross enlargement of heart 
to left; aorta normal. EC.: inversion of T in leads I, Il, and IV; later T inverted in all limb leads 
but upright in lead IV. 

Course. Recurrent attacks of pain were followed by hemoptysis and falling blood pressure. 
Some improvement, then status anginosus with sweating, dyspnoea, progressive collapse, and signs 
of pulmonary and systemic congestion. He died two years after he was first seen. 

Necropsy. Heart: 25 oz.; general enlargement; ante-mortem clot in right auricular appendix. 
Syphilitic aortitis without much dilatation of aortic lumen; aortic cusps deformed and incompetent. 
Right coronary orifice completely occluded and left orifice severely stenosed. Coronary trunks patent 
throughout with only slight fatty atheroma. Some stenosis of orifices of innominate and left 
common carotid arteries. No naked-eye cardiac infarction. Infarcts of left lung. 

The symptoms of syphilitic stenosis of the coronary ostia might be likened to those of 
coronary thrombosis in slow motion. The prodromal anginal attacks apart from effort 
extend over weeks or months, and the terminal state of collapse with failure develops gradually. 
When such a train of events is associated with syphilitic aortic incompetence, stenosis of the 
coronary Ostia may safely be diagnosed. As already mentioned, cardiograms, though likely 
to be abnormal, rarely show the classical serial changes of cardiac infarction, and normal 
records may be obtained within a short time of death. 

It is not suggested that ostial stenosis always causes anginal symptoms; there may be 
paroxysmal dyspnoea and failure without pain, or sudden unexpected death. Anginal pain 
occurred in 13 of Pincoffs and Love’s (1934) 15 necropsy cases of ostial stenosis, in 23 of 
Cormia’s (1935) 35 cases, and in 8 of Lamb and Turner’s (1932) 19 cases. 

(e) Cardiac Infarction. Ten patients in this series exhibited isolated severe anginal episodes 
corresponding to the classical syndrome of acute coronary occlusion, and accompanied by 
cardiographic signs of cardiac infarction. Only 3 had aortic incompetence. Though no 
post-mortem evidence is available in this group, it is probable that syphilis was no more 
han coincident with coronary atheroma and thrombosis. Published necropsy statistics show 
hat such a coincidence is not rare (Lamb and Turner, 1932). Statistics of coronary thrombosis 
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give the incidence of syphilis as 5 to 10 per cent, but this probably includes cases of corona; 
ostial occlusion. 


ANATOMICAL PATHOLOGY OF SYPHILITIC ANGINA 


In the 12 cases that came to necropsy, 11 of the specimens were examined by one or be 
of us; the remaining necropsy was performed elsewhere and the state of the coronary os: 1 
was not specifically recorded. The essential clinical and pathological data are given 1 
Table II. 


TABLE Il 


CLINICAL AND PATHOLOGICAL FINDINGS IN 12 CASES OF SYPHILITIC ANGINA PECTORIS 





Post-mortem findings 









































Age (at | Type of pain and clinical 7 
Case death) and features | | 
Sex | | Aortic | : 
| Sein | Coronary ostia | Aorta 
5 M/41 | A. P. effort (6S months). “Sudden } + | R. severe stenosis | Aortitis, diffuse dii.- 
death | relative | L. occluded tation. Stenosis 
| carotid 
12 | F/43 A. P. effort as months) | + | R. occluded | Aortitis, moderate di- 
not | L. severe stenosis latation 
| clinical | | 
- fae See ee ee = ce ee ee ee —— 

16 | M/44 | AP. effort (2 years). Nocturnal + R. occluded | Aortitis, Stenosis of 
| and status anginosus | L. severe stenosis | innominate and L. 
| | carotid 

21 M/45 A. P. effort (2 years). Nocturnal, + .|R Aortitis, diffuse dila- 

| | ° < S vel . 
paradyspneic and status an- | L. almost occluded | tation. Stenosis in- 
ginosus | nominate and | 
| | | | subclavian 
30 | M/64 | A. P. effort (3 years). Congestive | | R. _— — and athero - 
failure. Sudden death ire a; diffuse dilat 
| | rand 

34 | M/60 | ALP. “effort (5 months). B.P.| 4 | Not recorded | Aortitis and dilatatis 

| 260/130 | 

36 M/54 | | A. P. effort (3 years). Nocturnal | + R. ws | Aortitis 

and status anginosus | L. ae 
aaa C1 ee: amigas (eS Cia ea! SS 
45 M/48 | A. P. effort 7 months) | + | R. slight stenosis | Aortitis 
| slight | L. severe stenosis | | No dilatation 
62 F/44 A. P. effort (8 years). Nocturnal | r R. ee | Aortitis 
(3 years). Sudden death i.e 
- — i ea eS ets —|- ee a ae 
75 M/56_ | a P. effort (3 years). Paradys- | R. severe stenosis | Aortitis 
pneeic. Status anginosus | relative e| 1 L. slight stenosis | Dilatation 
95 | M/38 Paradyspnovic A.P. (5 months). - | R. stenosed Aortitis 
Congestive failure | gross | L. patent No dilatation 

100 | F/44 | Paradyspneric A.P. (I month). | + | R. | Aortits a 

| 
Status anginosus | a3 almost occluded | _— dilatation 
| 





Of the 12, 10 had angina of effort, 5 nocturnal angina, 4 paradyspne@ic angina, and 7 
terminal status anginosus. All but one had clinical aortic incompetence. Necropsy showe 
syphilitic aortitis in every case, some degree of aortic dilatation without saccular aneurys 
in 10, and deformity of the aortic cusps in all. Stenosis or occlusion of one or both coronai 
orifices was present in 10, absent in 1, and probably absent in the remaining case, though n 
specifically so recorded. Both orifices were involved in 9, and the right orifice alone in | cas 
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he right orifice was the more obstructed in 4, the left in 2, and they were equally involved 
n 3 cases. Thus, on the whole, the right orifice was slightly more involved than the left, 
s previous investigators have reported. 
In many published post-mortem statistics relating to syphilitic aortitis, compiled by those 
ho did not themselves examine the patient during life, painful symptoms are imprecisely or 
adequately described. Analysis of such statistics has a limited value in relation to the 
athogenesis of syphilitic anginal pain. 
Gallavardin (1925) gives full clinical and pathological findings in 8 cases of syphilitic angina 
ersonally observed. On these, 7 had stenosis of or occlusion of one or both coronary ostia, 
had aortic incompetence, and 3 had coronary atheroma. The single case with neither aortic 
competence nor ostial stenosis had atheromatous coronary obstruction, and the pathological 
idence of syphilis was regarded as doubtful. Clinically these patients had often exhibited 
ycturnal and paradyspneeic anginal pain; a terminal status anginosus occurred in 2 of them. 
imb and Turner (1932) give necropsy findings in 18 cases of syphilitic angina. Eleven of 
em had aortic incompetence and all showed coronary pathology; 5 had ostial stenosis 
yne Or combined with coronary atheroma, 9 had coronary atheroma (4 with thrombosis), 
id 1 occlusion of the right coronary orifice by aneurysmal pressure. Zimmermann- 
ieinzigen (1936), in 20 cases of syphilitic angina examined at necropsy, found coronary 
tial stenosis in 15 and coronary atheroma with thrombosis in 2; most of them also had 
\rtic incompetence. 
Analysis of the post-mortem records of 58 cases of syphilitic aortitis from the records of 
e Bland-Sutton Institute of Pathology showed 14 cases of coronary ostial stenosis; 10 had 
angina pectoris, 2 died of failure without pain, and 2 suddenly, no clinical history being 

ailable. 12 of them had aortic incompetence. Anginal pain occurred in 16 of these 58 
cases (28 per cent); 8 had aortic incompetence combined with stenosis of the coronary Ostia, 
} aortic incompetence alone, 2 ostial stenosis alone, and 3 aortic incompetence combined 
with coronary atheroma or occlusion. 

Massive localized cardiac infarction does not result from ostial occlusion, though some- 
times patchy necrosis may be visible to the naked eye. All sections of the myocardium that 
we have examined have shown widespread microscopic areas of ischemic necrosis or fibrosis 
of the myocardium. These myocardial changes resulting from ostial obstruction have been 
described in detail by Love and Warner (1934). 

It has often been stated that anginal pain may occur in cases of uncomplicated aortitis, 
but the pathological evidence of this is no more convincing to-day than in Allbutt’s time. 
We ourselves have not encountered any case of uncomplicated aortitis with intact coronary 
vessels at necropsy in which anginal pain occurred during life. Wilson (1937) from a study 
of uncomplicated aortitis concluded that it was a symptomless condition. Levy (1936) stated 
that cardiac pain is not to be regarded as a clinical manifestation of uncomplicated aortitis. 

The essential pathological findings in syphilitic angina pectoris are, therefore, aortic incom- 
petence or obstruction of the coronary ostia, or both together, combined with aortitis. Coron- 
ary atheroma may be associated with syphilitic aortitis, though it is rarely severe when there 
is Ostial obstruction. 


THE FUNCTIONAL PATHOLOGY OF SYPHILITIC ANGINA PECTORIS 

Allbutt’s views on the aortic origin of anginal pain are too distorted by his uncompro- 
mizing opposition to the coronary theory to bear recapitulation to-day. But the hypothesis 
of an aortalgia simulating yet distinct from cardiac pain, a sort of syphilitic pseudo-angina, 
deserves serious consideration. Reid (1930) states that, in comparison with angina pectoris, 
the pain of syphilitic aortitis is not particularly under the sternum, is unrelated to effort, is 
of longer duration, and is apt to be nocturnal, but he admits that the distinction involves a 
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large degree of the personal equation. Others have described aortic pain as frequently accon - 
panied by paroxysmal dyspnoea (Barie, 1912; and Longcope, 1913); as provoked by t! 
dorsal decubitus (Laubry er a/., 1925); as unrelieved by rest (Stadler, 1932); and as unusu 
in distribution and occurring at rest (Coombs, 1930). 

With regard to the distribution of pain, it was often widespread in our syphilitic casi 
but not different from that of severe anginal pain in general. In other respects, however, t 
descriptions of aortalgia that have been cited may be accepted as applicable to our syphili 
patients. The pain was frequently nocturnal and unrelated to effort, tended to be prolong 
and when provoked by effort did not always subside quickly with rest. It was sometin 
combined with paroxysmal dyspnoea. None of these features can be accepted as peculiar 
syphilitic cases and it must not be overlooked that most of our patients were also subject 
typical effort pain. Nocturnal attacks occur in about one fifth of all cases of angina of eff 
(Gallavardin, 1925); they were described as part of the disease by Heberden and have be 
accepted as such by subsequent writers. With regard to duration, spontaneous and nocturi 
anginal attacks certainly last longer than the usual brief oppression due to effort. Prolong. 
pain occurs in coronary thrombosis and also in the course of progressive atheromatou 
coronary obstruction. Blumgart and others (1940) have used the term coronary failure \o 
denote these severe and long anginal paroxysms which, occurring especially in cases of multiple 
coronary obstruction, they attribute to a prolonged but reversible cardiac ischemia. Long 
duration is not, by itself, a valid reason for assuming that pain is aortic. Anginal attacks 
accompanied by paroxysmal dyspnoea or pulmonary oedema are certainly not confined to 
syphilitic heart disease. Those who regarded cardiac asthma as arising reflexly from the 
aorta, naturally explained associated pain in the same way. But present knowledge of the 
pathogenesis of cardiac asthma suggests a cardiac basis for paradyspneeic pain. As far as 
its clinical characteristics are concerned, therefore, there is nothing to exclude the paroxysmal 
pain of syphilitic aortitis being regarded as anginal and as explicable in terms of cardiac 
ischemia. 


Ome SP we CO OC Y 
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Lewis (1929-31) has identified a special anginal syndrome in aortic incompetence and has 
cited examples of it previously described by Lauder Brunton and others. Its main features 
comprise tachycardia, transient elevation of blood pressure, relatively long duration, and 
prompt relief by nitrites. The attacks may be induced by effort, or may occur spontaneous! 
after meals, at rest, or at night. One of Lewis’s cases was syphilitic, but several of those cited 
were rheumatic. In our experience and in that of others (White and Mudd, 1927) spontaneous 
and nocturnal anginal attacks are common in cases of rheumatic aortic incompetence, where 
aortitis and coronary obstruction can often be excluded. It is usually held that the low dia- 
stolic pressure of aortic reflux predisposes to cardiac ischemia by virtue of its adverse effec 
on coronary flow. Lewis postulated a general vaso-constriction involving the coronary vessels, 
and concluded that nitrites relieved the pain mainly by coronary vaso-dilatation. In mar 
syphilitic cases, the pain undoubtedly corresponds to the type described by Lewis as peculi 
to aortic incompetence. 

Post-mortem statistics already cited indicate a high incidence of coronary ostial stenos 
or occlusion in syphilitic angina (about 70 per cent), and an appreciable incidence of co-existe 
atheromatous coronary occlusion. Ostial stenosis is rarely found without aortic incompetenc 
In both conditions, cardiac ischemia must be widespread throughout the heart, whereas 
coronary atheroma it is commonly confined to the left ventricle, often to a small part of i 
Such widespread ischemia, once provoked, will not readily be relieved by a collateral circul: 
tion, as happens when it is limited to the territory of a single coronary branch. It appea 
that either stenosis of the coronary ostia or multiple atheromatous stenoses are capable « 
causing repeated and prolonged attacks of pain without any accompanying manifestatior 
of acute cardiac infarction. 
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NOCTURNAL ANGINA PECTORIS 

So little is known of the mechanism underlying nocturnal angina that its special con- 
ection with syphilis deserves attention. Serial cardiograms are seldom practicable at night, 
but we have recently obtained records from a case of postural and nocturnal angina, though 
ot, as it happens, of syphilitic etiology. This was a man, aged 53, who for six months had 
iffered almost nightly from severe anginal pain, though scarcely troubled in the daytime if 
> avoided exertion. Sometimes pain would start in bed before he fell asleep, and might 
cur several times before morning. Abstention from all food in the evening reduced the 
tacks, and a normal evening meal aggravated them. Gradual relief was obtained by sitting 
wright or getting out of bed, and more rapid relief from nitrites, which he consumed freely. 
linical and radiological findings were normal; blood pressure always normal; W.R. 
‘gative; there was inversion of T IIIf only. Anginal pain could often be provoked at will 
lying flat for ten minutes, and serial records obtained in attacks so induced showed unques- 
ynable evidence of cardiac ischemia (Fig. 2). In this case ischemic pain was undoubtedly 

cited by the horizontal posture, as happened in many of our syphilitic cases. 
A thrust-up diaphragm or too good a supper was Allbutt’s explanation of nocturnal 

























































































Fic. 2.—Serial electrocardiograms from a case of nocturnal angina in which attacks were provoked by lying 


flat. (A) During the pain: (B) Five minutes later; (C) Between attacks. 


pain, and there is no doubt of the exciting influence of a full stomach. Wayne and Graybiel 
(1934) concluded that, in angina of effort, food acted by reflexly increasing the energy expendi- 
ture of the heart, and not by the mechanical effect of gastric distension. Ina case of spontane- 
ous angina, gastric inflation alone excited the attack. The recumbent posture, by elevating 
the diaphragm, may have a direct mechanical effect on the heart and aorta. In the so-called 
gastro-cardiac syndrome, pain of anginoid type is supposed to be due to bending of the aorta 
and tilting of the heart caused by a high diaphragm (Scherf, 1936). In the case of syphilitic 
aortitis, it is not difficult to believe that postural elevation of the diaphragm might cause or 
aggravate pressure pain from a grossly dilated aorta, as was suspected in several of our cases. 

Assumption of the horizontal posture entails an increased cardiac output (McMichael, 
1937) which, if maintained, would offer a simple mechanical explanation of nocturnal pain. 
But the relation of cardiac output to posture is complex and not yet finally settled. Hyper- 
circulation at night was postulated by Eppinger and others (1924) in explaining cardiac 
isthma, and was attributed to peripheral vaso-dilatation. 

A reflex nervous disturbance involving the heart is the alternative to a mechanical explanation 
of nocturnal pain in terms of posture. This might operate either by increasing cardiac energy 
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expenditure or by reducing coronary flow. It is evident that the spontaneous anginal attacks « 
aortic incompetence are associated with raised blood pressure, but the primary cause is difficu 
todecide. The fact that nitrites, by means of coronary vaso-dilatation, so readily abolish tt 
pain, naturally suggests excessive coronary vaso-constrictor tone as a cause. Anrep (193 
believes that the relation between blood pressure and coronary vaso-motor tone is importa: 
in anginal states, and that a rise of pressure may produce a coronary vaso-constrictor respon 
sufficient to overcome the direct effect of a higher filling pressure on coronary flow. 


Paradyspneic Anginal Pain. The French conception of angina of decubitus as a satelli’ : 
symptom of paroxysmal dyspnoea, due to left ventricular distension, is usually credited 1) 
Merklen (Tessier, 1905), who certainly described this association (Merklen, 1908). Hed ! 
not ignore the possibility of ischemia as the cause of the pain, but suggested that a diffu: » 
sclerosis of the whole coronary tree might cause both ischemia and dystrophic damage sufi - 
cient to weaken the heart, which thus became a /a fois douloureux et faible. 

Congestive failure and cardiac pain are usually quite separate events. Congestion, pu - 
monary or systemic, is related to mechanical inefficiency of one or other ventricle; pain is 
related to an inadequate blood-supply of some part of a ventricle that is as a whole mechani- 
cally efficient. In paroxysmal dyspnoea the right ventricle must remain efficient; but if iis 
blood supply is restricted, for example by ostial stenosis or low diastolic pressure, any increased 


resistance in the lungs might evoke ischemic pain before or coincident with the onset of 


pulmonary cedema. The influence of posture is explained by the increased amount of blood 
in the lungs in recumbency. Once pulmonary oedema has occurred, anoxemia must further 
predispose to pain. It is not difficult to understand that, in conditions of incipient left heart 
failure, postural circulatory adjustments may sie sometimes dyspnoea, sometimes 
pain, and occasionally both together. 

The onset of paroxysmal dyspnoea at night raises much the same problems as does the 
onset of nocturnal pain. There is the mechanical explanation in terms of posture, and the 
reflex nervous theory. Wassermann (1926) regarded cardiac asthma as a reaction of the 
central nervous system to stimuli from the aorta, and stressed the associated autonomic 
nervous disturbances. The view that aortitis causes paroxysmal dyspnoea dates back to 
Huchard, yet there is no more pathological evidence that uncomplicated aortitis causes 
dyspnoea than that it causes pain (Keefer and Resnik, 1926). A predominance of vagal over 
sympathetic tone during sleep has been postulated (Eppinger er a/., 1924) and might favour 


coronary vaso-constriction, but this is purely hypothetical. If a reflex nervous origin of 


nocturnal angina is accepted as probable, at least in the case of aortic incompetence, the 
source of the exciting stimulus has yet to be determined. 

Conclusion. The evidence reviewed suggests that generalized as opposed to focal cardiac 
ischemia predisposes to spontaneous and nocturnal anginal pain, and that the horizonta 
posture is an important exciting cause. The modus operandi may be essentially mechanica 
or by way of reflex nervous reactions. In most cases of syphilitic aortitis, paroxysmal pain 
ischemic in nature and due to aortic incompetence often combined with stenosis of th 
coronary Ostia. The response of pain to nitrites strongly supports this view. The possibilit 
of pressure pain from a grossly dilated aorta being provoked by recumbency is admitted. 


COURSE AND PROGNOSIS 


War conditions have interfered with the follow-up of our cases, but many of them hav 
been under observation long enough to permit some prognostic conclusions. Of 103 case: 
37 have died, 21 are untraced, 45 were alive when we began to analyse these records befor 
the war, and a few of them have been seen since. The average duration of life from the onse 
of anginal pain in the 37 dead was 2-4 years; 7 survived more than 5 years, and one for | 
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years. In the remaining 66 cases, 45 of which are alive and 21 untraced, the average duration 
of life from the onset of pain to the time they were last seen was 3-9 years. 27 of them have 
<o far survived for more than 5 years and 5 for more than 10 years. 

Though the expectation of life is appreciably less than in non-syphilitic angina, the out- 

ok proved less gloomy than has been usually suggested. American statistics (Levy, 1936) 
vive an average survival from the onset of symptoms in syphilitic aortitis of about 2 years 
- Jess, and German statistics are similar (Stadler, 1932). 

With regard to the mode of death, 18 patients died in some form of anginal attack: 7 of 
em had a terminal status anginosus and 5 were reported as having “* symptoms of coronary 
rombosis ”; 9 died in congestive failure, 6 died suddenly, and in the remaining 4, no 
tails were available. 

The effect of anti-syphilitic treatment was difficult to assess, but in general it did not remove 
t e liability to anginal pain. If due allowance was made for the effect of rest and other 
utine measures, it was difficult to be sure that specific treatment appreciably influenced the 
ginal symptoms. In a few cases there was great improvement or even complete remission 
symptoms for a time, and in a few others there was obvious aggravation of symptoms. 
1 the assumption that it checks the progress of syphilitic inflammation in the aorta and thus 
olongs life, we believe that anti-syphilitic treatment should always be given a trial, but 
gravation of symptoms indicates its immediate cessation. Repetitive anginal attacks at rest 

combined with paroxysmal dyspneea are absolute contra-indications to anti-syphilitic 
satment. The ordinary measures applicable to angina pectoris, such as rest in bed, sedatives, 
and nitrites, should not be neglected. 


~ a5 we ~ - 


SUMMARY AND CONCLUSIONS 

A series of 103 syphilitic patients subject to paroxysmal pain in the chest has been investi- 
ated with special regard to the clinical characteristics of the pain and its pathogenesis. 

The age of onset of pain was evenly distributed over the fifth, sixth, and seventh decades, 
its maximal incidence being actually between 40 and 50 years. There were 80 men and 23 
women, giving a sex ratio of 3-5 to 1. A history of syphilitic infection was obtained in 31 
cases; the average period between infection and the onset of pain was 24 years. A positive 
Wassermann reaction was recorded at some stage in 96 cases. 

The main clinical findings were aortic incompetence in 67 cases; dilatation of the aorta 
in 59; cardiac enlargement, often slight, in 83; and essential hypertension in 26. Abnormal 
cardiograms were recorded in 57 of 94 cases examined. 

76 patients were subject to angina of effort and 64 had pain apart from effort. Nocturnal 
attacks were common and were usually independent of paroxysmal dyspneea. They tended 
to be prolonged but were relieved by nitrites. Paradyspneeic anginal attacks occurred in 13, 
a syphilitic status anginosus in 9, and symptoms of coronary thrombosis, not attributed to 
syphilis, in 10 cases. 

Post-mortem findings in 12 cases are given and other pathological data are considered. 
The essential lesions of syphilitic angina are aortitis and aortic incompetence, usually combined 
with stenosis or occlusion of the coronary ostia. Atheromatous and thrombotic coronary 
occlusion may be coincident with syphilitic aortitis. Pathological evidence that uncom- 
plicated aortitis causes anginal pain is lacking. 

The thesis of an atypical or pseudo-anginal syndrome due to aortitis is examined and 
rejected. Paroxysmal pain in syphilitic cases conforms to recognized clinical varieties of angina 
pectoris such as are encountered in non-syphilitic coronary and aortic disease. Aortic incom- 
petence and obstruction of the coronary ostia, which affect the blood-supply to the whole 
heart, and cause widespread rather than focal cardiac ischemia, predispose to spon- 
taneous and prolonged pain. The horizontal posture appears to be an important exciting 
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cause of these nocturnal attacks. In paradyspneic pain the effect of posture may be large] 
mechanical, but in other cases a reflex nervous mechanism may be operative. Consideratio 
of certain cases also suggests that a relationship may exist between pressure pain from a dilate | 
aorta and recumbency. 

The clinical course, prognosis, and treatment are briefly described. 


We wish to thank Professor James McIntosh for permission to include necropsy records from the Blan: - 
Sutton Institute of Pathology. 
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